
(12) United States Patent 

USOO73.12026B2 

(10) Patent No.: US 7,312,026 B2 
Kruh et al. (45) Date of Patent: Dec. 25, 2007 

(54) MRP-RELATED ABC TRANSPORTER (56) References Cited 
ENCOOING NUCLEC ACIDS AND 
METHODS OF USE THEREOF U.S. PATENT DOCUMENTS 

5,766,880 A * 6/1998 Deeley et al. ............. 435/69.1 
(75) Inventors: Gary Kruh, Philadelphia, PA (US); 

Kun Lee, Cranbury, NJ (US); Martin OTHER PUBLICATIONS 
Belinsky, Warminster, PA (US); Lisa Rudinger, 1976, Peptide Hormones, Parsons, University Park Press, 
Bain, Townville, SC (US) Baltimore, p. 1-7.* 

Kaye et al., 1990, Proc. Natl. Acad. Sci. USA. vol. 87, pp. 

(73) Assignee: Fox Chase Cancer Center, SE 1, 2000, Trends in Biotech, vol. 18, p. 34-39. On1CK et al., , I rends in Slotecn, vol. 18, p. 54-59. 
Philadelphia, PA (US) Deonarain, 1998, Expert Opin. Ther. Pat., vol. 8, pp. 53-69.* 

- r Verma, Sep. 1997, Nature, vol. 389, pp. 239-242.* 
( c ) Notice: Subject to any disclaimer, the term of this Ecket al., 1996, Goodman & Gilman's The Pharmacological Basis 

patent is extended or adjusted under 35 of Therapeutics, McGraw-Hill, New York, p. 77-101.* 
U.S.C. 154(b) by 306 days. Gorecki, 2001, Expert Opin. Emerging Drugs, 6(2): 187-198.* 

Marcel Kool et al., “Analysis of Expression of cMOAT (MRP2), 
(21) Appl. No.: 10/889,503 MRP3, MRP4, and MRP5, Homologues of the Multidrug Resis 

tance-associated Protein Gene (MRP1), in Human Cancer Cell 
1C ll. A Lines”; Cancer Research 57:3537-3547, Aug. 15, 1997. 22) Filed Jul. 12, 2004 

Toshihiro Suzuki et al., “cDNA Cloning of a Short Type of 
(65) Prior Publication Data Multidrug Resistance Protein Homologue, SMRP from a Human 

Lung Cancer Cell Line': Biochemical and Biophysical Research 
US 2005/0063968 A1 Mar. 24, 2005 Communications, 238: 790-794 (1997). 

Rando Allikmets et al., “Characterization of the human ABC 
Related U.S. Application Data Superfamily: isolation and mapping of 21 new genes using the 

- - - Expressed Sequence Tags database'; Human Molecular Genetics, (62) Division of application No. 09/647,140, filed as appli- p 5, No. . 6. (1996). 
cation No. PCT/US99/06644 on Mar. 26, 1999, now 
Pat. No. 6,803,184. * cited by examiner 

(60) Provisional application No. 60/095,153, filed on Aug. Primary Examiner Shin-Lin Chen 
3, 1998, provisional application No. 60/079,759, filed (74) Attorney, Agent, or Firm—Dann, Dorfman, Herrell & 
on Mar. 27, 1998. Skillman, P.C.; Robert C. Netter; Kathleen D. Rigaut 

(51) Int. Cl. (57) ABSTRACT 
CI2O I/00 (2006.01) 
CI2N IS/00 (2006.01) Novel human MOAT genes and their encoded proteins are 
CI2N 15/63 (2006.01) provided herein. The MRP-related ABC transporters 
C7H 2L/04 (2006.01) encoded by the disclosed nucleic acid sequences play a 
AOIN 63/00 (2006.01) pivotal role in the efflux of pharmacologically beneficial 

(52) U.S. Cl. ....................... 435/4; 435/320.1; 435/325; reagents from tumor cells. MOAT genes and their encoded 
435/455; 536/23.1536/23.5; 424/93.21 proteins provide valuable therapeutic targets for the design 

(58) Field of Classification Search ............... 424/932, of anti-cancer agents which inhibit the aberrant growth of 
424/93.21, 93.5, 93.7; 435/320.1,455, 4, 

435/325; 536/23.5, 24.1, 23.1 
See application file for complete search history. 

malignant cells. 

15 Claims, 57 Drawing Sheets 









US 7,312,026 B2 Sheet 4 of 57 Dec. 25, 2007 U.S. Patent 

Figure 3 

  



U.S. Patent Dec. 25, 2007 Sheet 5 of 57 US 7,312,026 B2 

Figure 4 

  



U.S. Patent 

6. 

21 

18 

24 

3 Ol 

35 

42 

48l. 

S4 

60l 

661 
72 

78. 

84 

9 O. 

96. 

02 

O8. 

1141 

2Ol 

26 

32 

138 

Dec. 25, 2007 

Fig. 5A 

Sheet 6 of 57 US 7,312,026 B2 
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Figure 8 
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MOAT B cDNA AND AMINO ACID SEQUENCE ENCODED THEREBY 

ATGCTGCCCGTGTACCAGGAGGTGAAGCCCAACCCGCTGCAGGACGCGAACATCTGCTCA 
1 -------- ----------- ----------- H --------- - - - - - - - - - - -- - - - - - - - - - -- 6O 

TACGACGGGCACATGGTCCTCCACTCGGGTTGGGCGACGTCCTGCGCTTG TAGACGAGT 

3 M L P V Y O E V K P N P L G Ch A N C S 

CGCGTGTTCTTCTGGTGGCTCAATCCCTTGTTTAAAATTGGCCATAAACGGAGAT AGAG 
61 -- - - ------------------ ------------- 12O 

GCGCACAAGAAGACCACCGAGTTAGGGAACAAATT (TAACCGGTATTTGCCTCTAATCTC 

3. R V F F W W L N P L F K G H K R R L E - 

GAAGATGATATGTATTCAGTGCTGCCAGAAGACCGCTCACAGCACCTTGGAGAGGAGTTG 
121 + -- -------- -- 18O 

CTTCTACTATACATAAGTCACGACGGTCTTCTGGCGAGTGTCGTGGAACCTCTCCTCAAC 
-- 

3 E D. D. M. Y S W L P E D R S O H L G E E L - 

CAAGGGTTCTGGGATAAAGAAGTTTTAAGAGCTGAGAATGACGCACAGAAGCCTTCTTTA 
181 - + - + - + - + - + - + 24O 

GTTCCCAAGACCCTATTCCAAAATCTCGACTCTTACTGCGTGTC TCGGAAGAAA 

3. O G F W D K E V L R A E N D A C K P S L - 

ACAAGAGCAATCATAAAGTGTTACTGGAAATCTTATI TAGTTTTGGGAAttit TACGTTA 
241 - + - + ------------ 3OO 

TGTCCG TAGTATTCACAATGACCT AGAATAAATCAAAACCCTTAAAAATGCAAT 

3. T R A K C Y W K S Y L V L G F L - 

ATTGAGGAAAGTGCCAAAGTAATCCAGCCCATATTTTTGGGAAAAATTATAATTATT 
301 -- -- -- 36O 

TAACTCC TCACGGTTTCATAGGTCGGGTATAAAAACCCTTTTTAATAATAATAAAA 
-- --------- 

3. E E S A K V O P F L G K N Y F 

GAAAAT AGATCCCATGGATCTGTGGCTTGAACACAGCGTACGCCTATGCCACGGTG 

Figure 12A 
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361 --------- ----------- ----------- -- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -- 42O 

CT TAATACTAGGGTACCTAAGACACCGAAACTTGTGTCGCATGCGGATACGGTGCCAC 

E N Y D P M D S V A. L N T A Y A Y A T V 

CGACT TTGCACGCTCAT TGGCTATACTGCATCACTTATATTTTTATCACGTTCAG 
421 --------- +-------------------- H --------- -- - - - - - - - - - -- - - ------- -- 48O 

GACTGAAAAACGTGCGAGTAAAACCGATATGACGTAGTGAATATAAAAATAGTGCAAGTC 

F C T L L. A H H Y F Y H V O - 

TGTGCTGGGATGAGGTTACGAGTAGCCATGTGCCATATGATTATCGGAAGGCACTTCGT 
481 - + - + - + - + - + - + 54O 
ACACGACCCACTCCAATGCTCATCGGTACACGGTAACTAAATAGCCTCCGTGAAGCA 

C A G M R L R v A M C H M Y R K A L R - 

CTTAGTAACATGGCCATGGGGAAGACAACCACAGGCCAGATAGTCAATCTGCTGTCCAAT 
541 ---- -- +----------------------- 6OO 

GAATCATGTACCGGTACCCCTCTGTGGTGTCCGGTCTATCAG TAGACGACAGGTTA 

L S N M A M G KT T T G o V N L L S N - 

GATGTGAACAAGTtTGATCAGGTGACAGTGTTCTTACACTTCCTGTGGGCAGGACCACTG 
601 ---------- + - + - + 66O 

CTACAC TGTCAAACTAGTCCACTGTCACAAGAATGTGAAGGACACCCGTCCTGGTGAC 

D V N K F D O W T V F L H F L W A G P L - 

CAGGCGACGCAGTGACTGCCCTACTCTGGATGGAGATAGGAATACGTGCCTGCTGGG 
661 - + - + - + - + - +--- 720 

GTCCGCTAGCGTCACTGACGGGATGAGACCTACCTCTATCCTTATAGCACGGAACGACCC 

O. A A V A W M E G S C L A G - 

AGGCAGT CAATCATTCTCCTGCCCTTGCAAAGCTGTTTGGGAAGTGT CTCATCA 
72 -- -- -- 78O 

TACCGTCAAGATTAGTAAGAGGACGGGAACGTCGACAAAACCCTCAACAAGAGAGT 
-- -------- 

M A V - P - O S C F. G K L F S S 

CTGAGGAGTAAAACTGCAACTTTCACGGATGCCAGGATCAGGACCATGAATGAAG TATA 
781 -- -- 84O -- 
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GACTCCTCATTGACGTTGAAAGTGCCTACGGTCCTAGTCCTGGTACT ACTTCAATA 

a L R S K T A T F T D A R R T M N E V 

ACTGGTATAAGGAAATAAAAAGTACGCCTGGGAAAAGTCATTTTCAAATC ATTACC 
841 --------- - - - - - - - - - - - - - - - - - - - - - s-------- a- - - - - - - - - - - - - - - - - - - - -- 9 OO 

GACCATA CCTATA ACAGCGGACCCTT CAGAAAAGTTAGAATAATGG 

a T G R K M Y A W E K S F S N T 

AATTGAGAAAGAAGGAGATTTCCAAGATTCTGAGAAGTTCCTGCCTCAGGGGGAGAA 
-- 96.O 

TTAAACTCTTTCTTCCTCTAAAGGTTCTAAG ACTCCAAGGACGGAGTCCCCCACTTA 
90 --------------------- -- -sess ---s-s-s-s-s 

N - R K K E S K R S S C L R G M N - 

TGGCTTCGTTTCAGTGCAAGCAAAATCATCGTGTTTGTGACCTTCACCACCTACGTG 
961 - + ----------------- 1 O2O 

AACCGAAGCAAAAAGTCACGTTCGTTTTAGTAGCACAAACACTGGAAGTGGTGGATGCAC 

a L A S F F S A S K v F W T F T T Y v - 

CTCCTCGGCAGTGTGACACAGCCAGCCGCGGCGTGGCAGTGACGCTGATGGGGC 

1021 - + - + - + - + - + - + 1080 
GAGGAGCCGTCACACTAGTGTCGGTCGGCGCACAAGCACCGTCACTGCGACATACCCCGA 

s L G S v T A S R v F v A V T - Y G A - 

GTGCGGCTGACGG TACCCTCT TOTTCCCCTCAGCCAt TGAGAGGGTGTCAGAGGCAAtc 
081 - - - - - - - + - + - + 114O 

CACGCCGACTGCCAATGGGAGAAGAAGGGGAGTCGGTAACTCTCCCACAGTCTCCGT TAG 

3. W R W F F P S A E R W S E A - 

GCAGCACCGAAGAATCCAGACC GCTACTGAGAGATACACAGCGCAACCG 
141 -------------------- 12OO 
CAGCGTAGGCTTCT TAGGCTGGAAAAACGATGAACTACTCTATAGTGECGCG GGCA 

a W S R R O L. D. E S O R N R 

CAGCTGCCGTCAGATGGTAAAAAGATGGTGCATGTGCAGGATT ACTGCTTTTGGGA 
l2O1 ------ ----------- - - - - ------ --------- ---------- 126O 

GTCGACGGCAGCTACCAt TCTACCACGTACACGTCCTAAAATGACGAAAAACCCA 

Figure 12C 
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O. L. P S D G K K M V H V O D F T A F W D 

AAGGCATCAGAGACCCCAACTCTACAAGGCCTTCCTTTACTGTCAGACCTGGCGAATTG 
1261 -------- ---------- ----------- ----------- ----------- ----------- -- 132O 

TCCGTAGTCTCTGGGGTTGAGATGTTCCGGAAAGGAAATGACAGTCTGGACCGCTAAC 

K A S E T P T L O G L S F T V R P G E L - 

TTAGCGTGGTCGGCCCCGTGGGAGCAGGGAAGTCATCACTGTTAAGTGCCGTGCTCGGG 
321 --------------------------- --------- -- + 1 38O 

AATCGACACCAGCCGGGGCACCCTCGTCCCTTCAGTAGTGACAATTCACGGCACGAGCCC 

L A V V G P W G A G K S S L L S A V - G - 

GAATTGGCCCCAAGTCACGGGCTGGTCAGCGTGCATGGAAGAATTGCCTATGTGTCTCAG 
1381 -- 1440 

CTTAACCGGGGTTCAGTGCCCGACCAGCGCACGTACCTTCTTAACGGATACACAGAGTC 
- -- -------- - - - 

E L A P S H G L V S V H G R A Y V S O - 

CAGCCCTGGGTGTTCTCGGGAACTCTGAGGAGTAAA TATTGGGAAGAAATATGAA 
1441 -- -- - + - +-- + 1500 

GTCGGGACCCACAAGAGCCCTTGAGACTCCTCATTATAAAATAAACCCTTCTTATACTT 
O P W V F SG T L R S N L. F G K K YE - 

AAGGAACGATATGAAAAAGTCATAAAGGCTTGTGCTCTGAAAAAGGATTTACAGCTGTG 
15O1 --- - - - - - - - - - + 1560 

TCCTTGCTATACTTTTTCAGATTCCGAACACGAGACTTTTTCCTAAATGTCGACAAC 

K E FR Y E K V K A C A Li K K D - O - - 

GAGGATGGTGATCTGACTGTGATAGGAGATCGGGGAACCACGCTGAGTGGAGGGCAGAAA 
1561 -- -- -- 162O 

CTCCTACCACTAGACTGACACTATCCTCTAGCCCCTTGGTGCGACCACCCCCGTCTT 
-- -- --- 

E D G D - T V G D R G L S G G O K - 

GCACGGGTAAACCTTGCAAGAGCAGTGTATCAAGATGCTGACATCTATCTCCTGGACGAT 
1621 ---------------------------------------------- + 168O 

CGTGCCCATTGGAACGTTCTCGTCACATAGTTCTACGACTGTAGATAGAGGACCTGCA 

Figure 12D 
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3. A R v N L A R A V Y O D A D Y L L D D 

CCTCTCAGTGCAGTAGATGCGGAAGTTAGCAGACACTTGTTCGAACTGTGTATTGTCAA 
1681 --------- -- - - - - - - -r- -- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - ----------- -- 1740 

GGAGAGTCACGTCATCTACGCCTCAATCGCTGTGAACAAGCTGACACAAAACAGT 

3 P L S A V D A E V S R - F E L C C O. 

ATTTTGCATGAGAAGATCACAATTTTAGTGACTCATCAGGCAGTACCTCAAAGCTGCA 
1741 ------------- + -------------- --------------------- + 18OO 

TAAAACGTACTCTCTAGTGTAAAATCACTGAGAGTCAACGTCATGGAGTTTCGACGT 

a L H E K V H. O. L. O. Y K A A - 

AGTCAGATCTGATATTGAAAGATGGTAAAATGGTGCAGAAGGGGACTTACACTGAGTTC 
18O1 -- 1860 

TCAGTCTAAGACTATAACTTCTACCATT ACCACGTCTTCCCCTGAATGTGACTCAAG 
-- ------------------------- 

3. S O L. K D G K M V O K G T Y. T E F - 

CTAAAATCGGTATAGATTGGCTCCCTTTTAAAGAAGGATAATGAGGAAAGTGAACAA 
1861 - - - - - - - - - - - - 192O 

GAt it AGACCATATCTAAAACCGAGGGAAAA TCTCCAT TACTCCTTCACGTT 

a L. K S G D F G S L K K D N E E S E O - 

CCTCCAGTTCCAGGAACTCCCACACTAAGGAATCGTACCTTCTCAGAGTCTTCGGTTTGG 
1921 - + --------------- 1980 

GGAGGTCAAGGTCCTTGAGGGTGTGATTCCTTAGCATGGAAGAGTCTCAGAAGCCAAACC 

a P P V P G T P T L R N R T F S E S S W W - 

TCTCAACAATCTTCTAGACCCTCCTTGAAAGATGGTGCTCTGGAGAGCCAAGATACAGAG 
1981 ------------------- 2040 

AGAGTTGAGAAGATCTGGGAGGAACTTTCTACCACGAGACCTCTCGGTTCTATGTCTC 

3. S O O S S R P S L K D G A L E S O D T E 

AATGTCCCAGTACACTATCAGAGGAGAACCGTTCTGAAGGAAAAGTTGGTTTTCAGGCC 
2O41 ------------------------------- + ------- 21 OO 

TTACAGGGTCAATGTGATAGTCTCCTCTTGGCAAGACTTCCT titt CAACCAAAAGTCCGG 

a N V P W T L S E E N R S E G K W G F O A 

Figure 12E 
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TATAAGAAACTTCAGAGCTGGTGCTCACTGGATTGTCTTCATTTTCCTTA TCTCCTA 
2101 -------------------------------- +...+--- + 2160 

ATATTCTTAATGAAGTCTCGACCACGAGTGACCTAACAGAAGTAAAAGGAATAAGAGGA 

3. Y K N Y F. R A G A H W W F F L L 

AACACTGCAGCTCAGGGCCTATGTGCT CAAGATGGGGCTTTCATACTGGGCAAAC 
2161 ----------------- - ------ ----------- ----------- -- -- 222O 

TTGTGACGCGAGTCCAACGGATACACGAAGTTCTAACCACCGAAAGTAGACCCGTTTG 

a N T A A. O. W A Y V L. O. D. W W L S Y W A N - 

AAACAAAGTATGCTAAATGTCACTGTAAATGGAGGAGGAAATGTAACCGAGAAGCTAGAT 
222 -- + 2280 

TGTTCATACGATTACAGTGACA ACCTCCTCCTTACATGGCTCTTCGATCTA 
-- - ------------- 

3. K C S M L N V V N G G G N V T E K L 0 - 

ct AACTGGTACTTAGGAAtt tattoAGGTTTAACTGTAGCTACCGT CT (tt TGGCATA 
2281 - + - + - + - + - + - + 2340 

GAATTGACCAGAATCC TAAAAAGTCCAAATGACATCGATGGCAAGAAAAACCGAT 

3. L. N. W. Y L G Y S G L T W A T V L. F G 1 - 

GCAAGATCC AT GGTATTCTACGTCCTGTAACTCTTCACAAACTTGCACAACAAA 
2341 -------------------- 24OO 

CGT TCTAGAGATAACCATAAGATGCAGGAACAATTGAGAAGTGTTTGAAACGTGTTGTTT 

al A R S L V F Y V L V N S S O. T L H N K - 

ATGTTTGAGTCAATCTGAAAGCTCCGGTA ACTTTGAAGAAATCCAATAGGAAGA 
24O1 - + - + - +----- + - + 246O 

TACAAACTCAGTTAAGACTTTCGAGGCCAAATAAGAAACTATCTTAGGTTATCCTCT 

3. M F E S L K A P W L. F F D FR N P G R - 

ATT TAAATCGTTTCTCCAAAGACATGGACACTGGATGATTGCTGCCGCTGACGT 
2461 - + - + - + - + ------ 252O 

TAAAAT TAGCAAAGAGG TCTGAACCTGTGAACCTACAAACGACGGCGACGCAAA 

3. L N R F S K D G H L d D L L P L T F - 

Figure 12F 
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I TAGATT toAtcCAGACAt TGCTACAAGregt TGGTGTGGTCTCTGTGGCTGTGGCCGTG 
2521 --------- -- - - - - - - - - a re-s-s-s-s --------- - - - ------- ----------- -- 258O 

AACAAAGTAGGCGTAACGA GT CACCAACCACACCAGAGACACCGACACCGGCAC 

L. D F O. T L L O V V G V V S W A V A V 

ATTCCTTGGATCGCAATACCCTTGGTTCCCCTTGGAATCATTTTCATTTTTCTTCGGCGA 
2581 --------- ----------- ----------- ---------------------- ----------- + 264 O 

TAAGGAACCTAGCGT TATGGGAACCAAGGGGAACCTTAGTAAAAGTAAAAAGAAGCCGCT 

P W A P W P L G F F L R R - 

TATTTTTTGGAAACGTCAAGAGATGIGAAGCGCCTGGAACTACAACTCGGAGTCCAGTG 
264 -- - - - ------- 2700 

ATAAAAAACCTGCAGTCCTACACTCGCGGACCTTAGATGTTGAGCCTCAGGTCAC 
------- 

Y F L E T S R D V K R L E S T T R S P W - 

titt TCCCACTTGTCATCTTCTCTCCAGGGGCTCTGGACCATCCGGGCATACAAAGCAGAA 
2701 - + - + - + - + - + - + 2760 

AAAAGGGTGAACAGTAGAAGAGAGGTCCCCGAGACCGGAGGCCCGTATGTTTCGTCTT 

F S H L S S S L O G L W T R A Y K. A E - 

GAGAGGTGTCAGGAACTGTTTGATGCACACCAGGATTACATTCAGAGGCTTGGTTCTTG 
276 ------------- + - + 282O 

CTCTCCACAGTCCTTGACAAACTACGTGTGGTCCAAATGAAGTCCCGAACCAAGAAC 

E R C C E L. F D A H. O. D L H S E A W F - 

TTTTGACAACGTCCCGCTGGTTCGCCGTCCGTCTGGATGCCATCTGTGCCATGTTTGTC 
282 ------------------- 2880 - 

AAAAACTGTGCAGGGCGACCAAGCGGCAGGCAGACCACGGTAGACACGGTACAAACAG 

F L T S R W F A V R L D A C A M. F V 

ATCATCGTTGCCTt TGGGTCCCTGATTCTGGCAAAAACTCTGGATGCCGGGCAGGTTGGT 
2881 - + - + - - - - - + - + 2940 

TAGTAGCAACGGAAACCCAGGGACTAAGACCGT littGAGACCTACGGCCCGTCCAACCA 

V A F G S L L. A K T L D A G O V G 

TGGCACTGTCCTATGCCCTCACGCTCATGGGGATGTTTCAGTGGTGTGTTCGACAAAGT 

Figure 12G 
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294 -------- ---------- +--------- + --------- + --------- ----------- -- 3OOO 

AACCGTGACAGGATACGGGAGGCGAGTACCCCTACAAAGTCACCACACAAGCTGTTTCA 

A L S Y A. L T L M G M F O W C W R O S 

GCTGAAG GAGAAATGATGATCTCAGTAGAAAGGGTCATTGAAACACAGACCTTGAA 
3OO 1 --------- ----------- ----------- ----------- -- - - - - - - - - - ----------- -- 3O60 

CGACCAACTCTATACTACTAGAGTCATCTTTCCCAGTAACTATGTGTCTGGAACTT 

A E V E N M M S W E R W E Y T D - E - 

AAAGAAGCACCGGGAAATCAGAAACGCCCACCACCAGCCTGGCCCCAGAAGGAGTG 
3061 - + -----------, +--- + 32O 

TCTCGTGGAACCCTTAAGCTGCGGGTGGGGTCGGACCGGGGACTTCCTCAC 

K E A P W E Y O K R P P P A W P - E G W - 

ATAATCTTGACAATGTGAACTTCATGTACAGTCCAGGTGGGCCTCTGGTACTGAAGCAT 
321 

TATAGAAACTGTTACACTTGAAGTACATGTCAGGTCCACCCGGAGACCATGACTTCGTA 
-- --------------------------- 318O 

F D N V N F M Y S P G G P L V L. K. H. - 

CTGACAGCACTCATAAATCACAAGAAAAGGTTGGCATTGGGGAAGAACCGGAGCGGA 
3181 -- -- 3240 

GACTGTCGGAGTAATTAGTGTTC TTCCAACCGTAACACCCTTCTGGCCTCGACCT 
-- -- -- --- 

T A L K S O E K W G W G R T G A G - 

AAAAGTTCCCTCATCTCAGCCCTTTTAGATTGTCAGAACCCGAAGGTAAAAtttggATT 
3241 - + - +---------- + 3300 

TTCAAGGGAGTAGAGTCGGGAAAAACTAACAGTCTTGGGCTTCCATTT AAACCTAA 

K S S L S A. L. F. R L S E P E G K W - 

GAAAGATCGACAACTGAAATTGGACTCACGATTAAGGAAGAAAATGTCAATCATA 
33O1 + -- + -------------------- 3360 

CATCTAGAACTGTGACTTAACCTGAAGTGCTAAAT CCTTCTTACAG. AGAT 
-- 

D K E L T T E G L H D L R K K M S 

CCTCAGGAACCTGTTTTGTTCACTGGAACAATGAGGAAAAACCTGGATCCCTTTAAGGAG 
336 --------------- 342O -- -- -- 

Figure 12H 
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GGAGTCCTTGGACAAAACAAGTGACCTTGTTACTCCT t TGGACCTAGGGAAATTCCTC 

3. P O. E P W L F T G T M R K N - O P F K E 

CACACGGATGAGGAACTGTGGAATGCCTACAAGAGGTACAACTTAAAGAAACCATTGAA 
3421 --------- -- - - - - - - - - - -- - - - - - - - - - -- - - - ------ -- - - - - - - - - - -- - - - - - - - - - -- 348O 

GTGTGCCTACTCCTTGACACCTTACGGAATGTTCTCCATGTTGAATTTCTTTGGTAACTT 

3 H t D E E L W. N. A Li O E V O L K E T E 

GATCTTCCTGGAAAATGGATACTGAATTAGCAGAATCAGGATCCAA TTAGGTGGA 
3481 -- ------ 354O 

CTAGAAGGACCAT TACCTATGACAATCGTCTTAGTCCTAGGAAAACACAACCT 
-- ------- 

a D P G K M D T E L A E S G S N F S V G 

CAAAGACAACTGGTGTGCCTTGCCAGGGCAATTCTCAGGAAAAATCAGATATTGATTATT 
3541 - + - + - + - + -- + ------ + 36OO 

GT titcTGTTGACCACACGGAACGGTCCCGT TAAGAGTCCTTTTTAGTCTATAACTAATAA 

3. O R O L V C - A R A L R K N O - 

GATGAAGCGACGGCAAATGTGGATCCAAGAACTGATGAGTAAACAAAAAAAAATCCGG 
36O1 ------------------- 366O 

CTACTTCGCGCCGTTACACCTAGGTTCTTGACTACTCAAATG TTAGGCC 

D E A T A N V D P R T D E L O K K R - 

GAGAAATT TGCCCACTGCACCGTGCTAACCATTGCACACAGATTGAACACCATTATTGAC 
3661 ------------------ 372O 

CTC AAACGGGTGACGTGGCACGA TGGTAACGGTGTCAACTTGGGTAATAACTG 

3. E K F A H C T W L T A H R N T D - 

AGCGACAAGATAATGGTt TAGATTCAGGAAGACTGAAAGAATATGATGAGCCGTATGTT 
3721 -- -- -- - - ---------------- -- 378O 

TCGCTGTTCTATTACCAAAATCTAAGTCCTTCTGACT TCTATACTACTCGGCATACAA 

3. S O K M W L O S G R K E Y O E P Y V 

TTGCTGCAAAATAAAGAGAGCCATTACAAGATGGTGCAACAACTGGGCAAGGCAGAA 
3781 - - - - - - - - -- - ----------------- ----------- --------- -- 384O 

AACGACGT TATTTCTCTCGGATAAAATGTTCTACCACGT CST TGACCCGT CCGTCTT 

Figure 12I 
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3. L L O N K E S L FY K M V o o L. G. K. A E 

GCCGCTGCCCTCACTGAAACAGCAAAACAGGTATACTTCAAAAGAAATTATCCACATAT 
3841 ----------------------------------------- ---------- + 3900 

CGGCGACGGGAGTGACTTTGTCGTTTTGTCCATATGAAGTTTTCT TTAATAGGTGTATAA 

3. A A A L T E T A K O. V Y F. K R N Y P H 

GgTCACACTGACCACATGGTTACAAACACTTCCAATGGACAGCCCTCGACCTTAACTATT 
39 O1 --------------------------------------- ----------- + 396O 

CCAGTGTGACTGGTGTACCAATGTTGTGAAGG ACCTGTCGGGAGCTGGAATTGATAA 

3. G H T D H M W T N T S N G O P S T L T - 

TTCGAGACAGCACTG 
3961 - + - 3975 

AAGCTCGTCGTGAC 

a F E T A L - 
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MOAT C cDNA AND AMNO ACD SEOUENCE ENCODED THEREBY 

ATGAAGGATACGACATAGGAAAAGAGTATATCATCCCCAGTCCTGGGATAGAAGTGTG 
1 --------- ----------- ----------- --------- - - - - - - - - - - ------------- 6O 

TACTTCCTATAGCTGTATCCTT CTCATATAGTAGGGGTCAGGACCCATATCTTCACAC 

3. M. K D D G K E Y P S P G Y R S V 

AGGGAGAGAACCAGCACTTCTGGGACGCACAGAGACCGTGAAGATTCCAAGTTCAGGAGA 
61 ------ ---------- ------------------------- - ------- --- 2O 

TCCCTCTCTTGGTCGTGAAGACCCTGCGTGTCTCTGGCACTTCTAAGGTTCAAGTCCTCT 

3. R E R T S T S G T H R D R E D S K F. R R - 

ACTCGACCGTTGGAATGCCAAGATGCCTTGGAAACAGCAGCCCGAGCCGAGGGCCTCTCT 
12 + -------------------- + 180 

TGAGCTGGCAACCTTACGGTTCTACGGAACCTTGTCGTCGGGCTCGGCTCCCGGAGAGA 
--- ------- 

8 T R P L E C C D A L E T A A R A E G - S - 

CTTGATGCCTCCATGCATTCCAGCTCAGAATCCTGGATGAGGAGCATCCCAAGGGAAAG 
181 -- ------------ + 240 

GAACTACGGAGGTACGTAAGAGTCGAGTCTTAGGACCACTCCTCGTAGGGTCCCTTC 
s 

3. L. D. A S M H S O L R D E E H P K G K - 

TACCATCATGGCTTGAGTGCTCTGAAGCCCATCCGGACTACTTCCAAACACCAGCACCCA 
241 ------------- + - + 3OO 
ATGGAGTACCGAACTCACGAGAC TCGGGTAGGCCTGATGAAGGTTTGTGGTCGTGGGT 

3. Y - H G L S A K P R T S K H. O. H. P - 

GTGGACAAGCTGGGC CCTGATGAC TCGTGGC CTTCTCTGGCCCGT 
3O1 --------------- --------- + 360 

CACCGTACGACCCGAAAAAAGGACAACTGAAAAAGCACCGAAAGAAGAGACCGGGCA 
--------- 

3. W D N A G F S C M T F S W L S S L A R - 

GTGGCCCACAAGAAGGGGGAGCTCTCAATGGAAGACGTGTGGTCTCGTCCAAGCACGAG 

Figure 13A 
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361 --------- ----------- ----------- +--------- ----------- ----------- -- 42O 

CACCGGGTG TC TCCCCCTCGAGAG ACC CGCACACCAGAGACAGGTTCGTGCTC 

3. W A H K K G E L S M E D V W S L S K H E 

TCTTCTGACGTGAACGCAGAAGACTAGAGAGACTGGGCAAGAAGAGCGAATGAAGTT 
421 --------- ----------- -- - - - - - - - - - -- - -r-, ----- -- - - - - - - - - - -- - - - - ----- -- 480 

AGAAGACTGCACTGACGTCCGATCTCTCGACACCGCTCTCGACTTACCAA 

3. S S O V N C R R L E R L. W. O. E E L N E V - 

GGGCCAGACGCTGCTTCCCTGcGAAGGGTTGTGTGGATCTTCTGCCGCACCAGGCTCATC 
481 - + - + - + - + - + - + 540 

CCCGGTCGCGACGAAGGGACGCTCCCAACACACCAGAAGACGGCGGGTCCGAGTAG 

3. G P D A A S L R R V V W F C F T R L - 

CTGTCCATCGTGTGCCTGATGATCACGCAGCTGGCTGGCTTCAGTGGACCAGCCTTCATG 
54 - + ----------- + - + 600 

GACAGGTAGCACACGGACTACAGGCGTCGACCGACCGAAGTCACCTGGTCGGAAGTAC 

L S V C L M T O A G F S G P A F M - 

GTGAAACACCTCTTGGAGTATACCCAGGCAACAGAGTCTAACCTGCAGTACAGCTTGTG 
60 ------- + - + - + - + 660 

CACT TGTGGAGAACCTCAATGGGTCCGTTGTCTCAGATTGGACGTCATGTCGAACAAC 

3. V K H L L E Y T O. A E S N O. Y S L L - 

TAGTGCTGGGCCCCTCCTGACGGAAATCGTGCGGTCTTGGCGCTTGCACTGACTTGG 
661 - + - + - + - + - + - + 720 

AATCACGACCCGGAGGAGGACGCC AGCACGCCAGAACCAGCGAACGGACTGAACC 

a L V L G L L L T E V R S W S L A. L T W - 

GCATTGAATTACCGAACCGGTGTCCGCTTGCGGGGGGCCATCCTAACCATGGCATTTAAG 
721 - + --- - + - + - + - + 780 

CGAACAATGGCTGGCCACAGGCGAACGCCCCCCGGAGGAGGACCGAAAC 

3 A L N Y R T G V F L FR G A L T M A F K 

AAG ATCC TAAGTTAAAGAACATTAAAG AGAAATCCCTGGGTGAGCCACAACATTTGC 
781 --- 840 --- -- -- -- - 

Figure 13B 
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TCTAGGAATTCAATTTCTTGAATTCCTTAGGGACCCACTCGAGAGTTGTAAACG 

3. K K - K N K E K S L G E N C 

TCCAACGATGGGCAGAGAATGTTTGAGGCAGCAGCCGTTGGCAGCCTGCTGGCTGGAGGA 
841 --------- ---------- ----------- ----------- ----------- ----------- -- 900 

AGGTTGCTACCCGTCTCTTACAAACTCCGTCGTCGGCAACCGTCGGACGACCGACCTCC 

8 S N D G O R M F E A A A. W G S L L A G G 

CCCGT TGT TGCCATCTTAGGCATGATTTATAATGTAATTATTCTGGGACCAACAGGCTTC 
901 -- +--------------------------4- 960 

GGGCAACAACGGTAGAATCCGTACTAAATATTACATTAATAAG ACCCTGGTTGTCCGAAG 

3. P V V A L G M Y N V L G P T G F - 

CTGGGATCAGCTG T ATCCTCTTT ACCCAGCAATGATGT TGCATCACGGCTCACA 
96 ----------------- 1 O2O 

GACCCTAGTCGACAAAAATAGGAGAAAATGGGTCGTTACTACAAACGTAGTGCCGAGTGT 
-- -- --- 

3. L. G. S A V F I L. F Y P A M M F A S R - T - 

GCATAt TCAGGAGAAAATGCGTGGCCGCCACGGATGAACGTGTCCAGAAGATGAATGAA 
1021 - + -- + - + - + - + - + 1080 

CGTATAAAGTCCTCTTTACGCACCGGCGGGCCTACTTGCACAGGTCT TCTACACT 

3. A Y F R R K C W A A T D E R V O. K M N E - 

GTTCT ACTTACAT TAAATTTATCAAAATGTATGCCTGGGTCAAAGCATTTTCTCAGAGT 
1081 - + - + - + - + - + - + 1140 

CAAGAATGAATGTAATAAATAGTTACAACGGACCCAGTTTCGTAAAAGAGTCTCA 

3. v L T Y K F K M Y a w v K AF so S - 

GT CAGAAAATCCGCGAGGAGGAGCGCGGATAGGAAAAAGCCGGGTACTTCCAGGGT 
1141 -- ---------------- -------- 1200 

CAAGTC AGGCGCCCTCCTCGCAGCCTATAACCTTCGGCCCAGAAGGTCCCA 

3. V O K R E E E R R ( L E K. A G Y F O G 

ATCACTGTGGGTGTGGCTCCCA GTGGTGGGATTGCCAGCGGGTGACC CTCG 
12O1 - - - ------------------------------ 26O 

AGTGACACCCACACCGAGGGAACACCACCACTAACGGTCGCACCACTGGAAGAGACAA 
H 

Figure 13C 
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3. T V G V A P V V V A S V W T F S V 

CAATGACCCTGGGCTTCGATCTGACAGCAGCACAGGCTTCACAGTGGTGACAGTCTTC 
261 --------- - - - - - - - - - - - ------------------ -- r------- as as----- - 32O 

GTATACTGGG ACCCGAAGCAGACGTCGTCGTGTCCGAAAGGTCACCACTGTCAGAAG 

3 H M T L G F D L T A A. O. A F V W T W F 

AAt CCATGACTt TGCTTTGAAAGTAACACCGT tit CAGTAAAGTCCCTCTCAGAAGCC 
132 -------- ----------------------------------------------------- 138O 

TAAGGTACTGAAAACGAAACT CATTGGGCAAAAGTCATTTCAGGGAGAGCTCGG 

3. N S M F A L K W T P F S V K S L S E A - 

CAGTGGCTGTGACAGATTAAGAGTTTGTT ICTAATGGAAGAGGTTCACATGATAAAG 
1381 ---------- 144 O 

AGTCACCGACAACTGTCTAAATCCAAACAAAGATTACCTCTCCAAGTGTACTATTC 
---------- -- -- -- 

3. S V A V D FR F K S L. F - M E E W H M K 

AACAAACCAGCCAGTCCCACACAAGATAGAGATGAAAAATGCCACCTTGGCATGGGAC 
1441 - + -------------- + 1500 

tTGTTTGGTCGGTCAGGAGTGTAGTTCTATCTCTACTTTTTACGGTGGAACCGTACCCTG 

N K P A S P H K E M K N A T L A W D - 

TCCTCCCACTCCAGTATCCAGAACTCGCCCAAGCTGACCCCCAAAATGAAAAAAGACAAG 
1501 - + - +------------ 1560 

AGGAGGGTGAGGTCATAGGTCT TGAGCGGGTTCGACTGGGGGTTTTACT TTTCTGTTC 

a S S K S S O N S P K L T P K M K K d K - 

AGGGCCCAGGGGCAAGAAAGAGAAGGTGAGGCAGCTGCAGCGCACTGAGCATCAGGCG 
56 - - - --------------- 162O 

TCCCGAAGGTCCCCGTTCTCTCTCCACTCCGTCGACGTCGCGTGACTCGTAGTCCGC 

3 R A S R G K K E K W R O L O. R T E H O A 

GTGCTGGCAGAGCAGAAAGGCCACCTCCTCCTGGACAGTGACGAGCGGCCCAGTCCCGAA 
621 ------------------ ------------------ + 168O 

CACGACCGTCCGTCTTTCCGGGGAGGAGGACCTGTCACTGCTCGCCGGGTCAGGGCT 

Figure 13D 
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W - A E O K G - L. L. L. D S D E R P S P E 

GAGGAAGAAGGCAAGCACATCCACCTGGGCCACCTGCGCTTACAGAGGACACTGCACAGC 
1681 ---------------- - -------- - - - -------- --------------------- -- 174O 

CTCCTCTCCGTTCGTGTAGGTGGACCCGGTGGACGCGAATGTCTCCTGTGACGEGTCG 

E E E G K - I - L G H L R - O R T L H S 

ATCGATCTGGAGACCAAGAGGGTAAACTGGTTGGAACTGCGGCAGTGTGGGAAGTGGA 
1741 --------------- + --------------------------- +--- + 1800 

TAGCTAGACCTCTAGGTTCTCCCATTGACCAACCTTAGACGCCGTCACACCCTTCACCT 

D L E O E G K W G C G S W G S G - 

AAAACCTCTCTCATCAGCCATTAGGCCAGATGACGCTCAGAGGGCAGCATGCA 
18O1 al st - + 186O 

TGGAGAGAGTAAAGTCGGTAAAATCCGGTCTACEGCGAAGATCTCCCGCGTAACGT 
- -ses- - ---iss--- 

K T S S A G O M T L E G S A - 

ATCAGTGGAACC TCGCTATGGGCCCAGCAGGCCTGGATCCTCAATGCTACTCTGAGA 
1861 -- 192O 

TAGTCACCTTGGAAGCGAAAACCGGGTCGTCCGGACCTAGGAGTTACGAGAGACTCT 
-- --------------------------- 

S G F A Y V A. O. O. A. W. N A T L R - 

GACAACATCCTGTtTGGGAAGGAATATGATGAAGAAAGATACAACTCTGTGCTGAACAGC 
1921 - - - - - - - - + - + - + 198O 

CTGGTAGGACAAACCCTTCCTATACTACTTCTTCTATGTTGAGACACGACTTGTCG 

D N L. F G K E Y D E E R Y N S W L N S - 

TGCTGCCTGAGGCCTGACCTGGCCATTC TCCCAGCAGCGACCGACGGAGATTGGAGAG 
1981 - + - + -- + - + -- + - + 2O4O 

ACGACGGACTCCGGACTGGACCGGTAAGAAGGGTCGTCGCTGGACTGCCTCTAACCCTC 

C C - R P D . A L P S S D L T E G E - 

CGAGGAGCCAACCTGAGCGGGGGCAGCGCCAGAGGATCAGCCT (GCCCGGGCCTTGAf 
2041 ----------- -- -e- rs - - - - - - - - - - - -- - - - - - - - - - ---------- -- 21 OO 

GCTCCTCGGttgGACTCGCCACCCGTCGCGGTCTCCTAGTCGGAACGGGcccGGAACAA 

R G A N L S G G O R O R S L A R A Li Y 

Figure 13E 
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AGTGACAGGAGCATCTACATCCTGGACGACCCCCCAGTGCC AGATGCCCATGTGGGC 
21 O -------------------- ---------- ----------- ----------- - - - - - - - - - - + 2 160 

TCACTGTCCTCGTAGATGTAGGACCTGCTGGGGGAGTCACGGAACTACGGGTACACCCG 

S D R S Y L D D P L S A L D A H v G 

AACCACATCT CAATAGGCTATCCGGAAACACTCAAGCCAAGACAGCTG GT 
21 61 -------- ----------- ----------- -- - - - - - - - - - ----------- ----------- -- 222O 

TGGGAGAAGTACACGATAGGCCTGTAGAGTTCAGGTCTGTCAAGACAAACAA 

N H F N S A R K H K S K T V L. F W - 

ACCCACCAGTACAGTACCTGGTTGACTGTGATGAAGGATCTTCATGAAAGAGGGCTGT 
2221 -- -- +--- + ----------- + 228O 

TGGGTGGTCAATGTCATGGACCAACTGACACTACTTCACTAGAAGTACT CTCCCGACA 

T H. O. L. O. Y L V O C D E V F M K E G C - 

AACGGAAAGAGGCACCCAGAGGAACTGATGAATAAAGGGACTATGCACCATT 
2281 -- 234O 

TAATGCCTTCTCCGTGGG ACTCCTTGACTACTTAAATTACCACTGATACGATGGAA 
------- as --- - ------- - - 

T E R G T H E E t M N L N G D Y A T - 

TTTAATAACCTGTTGCTGGGAGAGACACCGCCAGTTGAGATCAATTCAAAAAAGGAAAcc 
2341 - + - + - + - + - + - + 2400 

AAATTATTGGACAACGACCCTCTCTGTGGCGGTCAACTCTAG TAAGTTTCCTTGG 

F N N L G E T P P V E N S K K E - 

AGTGGTCACAGAAGAAGTCACAAGACAAGGGCCAAAACAGGACAGAAAGAAGGAA 
2401 - + - + -4----------- + 2460 

TCACCAAGTGTCTCCAGGCTGTCCCAGGATTGTCCTAGTCA TCTCCTT 

S G S O K K S C D K G P K T G S V K K E - 

AAAGCAGTAAAGCCAGAGGAAGGGCAGCTTGTGCAGCTGGAAGAGAAAGGGCAGGGTTCA 
2461 - + - + - + --4------ + 2520 

TTCGCATTCGGTCTCCTTCCCGTCGAACACGTCGACCTTCTCTCCCGTCCCAAG 

K. A. V K P E E G O L V O L E E K G O G S 

Figure 13F 
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GTGCCCTGGTCAGTATATGGTGTCTACATCCAGGCGCTGGGGGCCCC GGCA CCTG 
2521 --------- ----------- --------------------- ----------- +--------- + 2580 

CACGGGACCAGTCATATACCACAGATGTAGGTCCGACGACCCCCGGGGAACCGTAAGGAC 

W P W S W Y G W Y O A A G G P L A F L - 

GTTAT TATGGCCCT CATGCTGAATGTAGGCAGCACCGCCTTCAGCACCTGGTGGTG 
2581 --------------------------------------- - -------- - - -------- + 2640 

CAATAATACCGGGAAAAGTACGACT ACATCCGTCGTGGCGGAAGTCGTGGACCACCAAc 

V M A F M L N W G S T A F S T W W L - 

AGTTACTGGATCAAGCAAGGAAGCGGGAACACCACTGTGACTCGAGGGAACGAGACCTCG 
2641 -- +------------- + 2700 

TCAATGACCTAGTTCGTTCCTTCGCCCTTGTGGTGACACTGAGCTCCCTTGCTCTGGAGC 

S Y W K. O. G. S. G. N. T W T R G N E S - 

GTGAGTGACAGCATGAAGGACAATCCTCATATGCAGTACAGCCAGCACTACGCCCC 
2701 - +-------------------- + 2760 

CACTCACGTCGTACTTCCTGTAGGAGTATACGTCAGATACGGTCGTAGATGCGGGAG 
-- 

W S D S M K D N P H. M. O. Y Y A S Y A L - 

TCCATGGCAGTCATGCTGATCCTGAAAGCCAt TCGAGGAGt TGTC TGTCAAGGGCACG 
2761 - - - - - - - - - - - -- 282O 

AGGTACCGTCAGTACGACTAGGACTTTCGGTAAGCTCCTCAACAGAAACAGTTCCCGTGC 

S M A V M L. K. A R G V V F V K G T - 

CTGCGAGCTCCTCCCGGCTGCATGACGAGCTTTTCCGAAGGATCCTTCGAAGCCCTATG 
2821 - + -------------- + 288O 

GACGCTCGAAGGAGGGCCGACGTACTGCTCGAAAAGGCT CCTAGGAAGCTTCGGGATAC 

R A S S R L - D E L F R R L R S P M - 

AAGTTTTTTGACACGACCCCCACAGGGAGGATTCTCAACAGGTTTCCAAAGACAGGAT 
288 --- 29 AO 

TTCAAAAAACTGTGCTGGGGGTGTCCCTCCTAAGAGTTGTCCAAAAGGTTCTGTACCTA 
-- -- -- - - - - - -r 

K F F D T T P T G R L N R F S K D M D 

GAAGTGACGTGCGGCTGCCGTTCCAGGCCGAGATGTTCATCCAGAACGTTATCCTGGTG 

Figure 13G 
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294 --------- -- a-------- - -r assaeae -- a------- -- -a -- sess- + --------- + 3OOO 

CTTCAACTGCACGCCGACGGCAAGGTCCGGCTCTACAAGTAGGTCTTGCAATAGGACCAC 

E W D W R L P F O A E M F O N V V - 

TCECTGTGTGGGAATGACGCAGGAGTCTCCCGTGGTTCCTTGTGGCAGGGGGCCC 
3OO --------- -- - - - - - - - - - -- - - - - --ee- -- sesss-a-- -- a------- - - - - - - - - - - - - -- 3O6O 

AAGAAGACACACCCTTACTAGCGTCCCAGAAGGGCACCAAGGAACACCGCACCCCGGG 

F F C W G M A G V F P W F L V A. W G P 

CTTGTCATCCTCT TTCAGTCCTGCACATTGTCTCCAGGGTCCTGATTCGGGAGCTGAAG 
306 - - - - - - - - - - - - 312O 

GAACAGAGGAGAAAAGCAGGACGTGAACAGAGGTCCCAGGACAAGCCCCGACC 

L v i F S v L H V S R v Lt R E L K - 

CGTCTGGACAAATCACGCAGTCACCCCCTCCCACATCACGTCCAGCATACAGGGC 
3121 - - - - - - - - - - + 318O 

GCAGACCTGTTATAGTGCGTCAGTGGAAAGGAGAGGGTGTAGTGCAGGTCGTATGTCCCG 

R - O N O S P F L S H T S S O G - 

CTTGCCACCACCACGCCTACAATAAAGGGCAGGAG TCTGCACAGAACCAGGAGCTG 

3181 - + -+- + - + - + - + 3240 
GAACGGTGGTAGGTGCGGATGTTATTTCCCGTCCTCAAAGACGTGTCTATGGTCCTCGAC 

A H A Y N K G O E F L H R Y O E L - 

CGGATGACAACCAAGCTCCTTGTACGTGTGCGATGCGGGGCTGGCTGTG 
3241 ------------------ 33OO 

GACCACTGTGG CGAGGAAAAAAAAACAAATGCACACGCTACGCCACCGACCGACAC 

L. D. D. N. O. A P F F - F T C A M R W - A W - 

CGGCTGGACCTCATCAGCATCGCCCTCATCACCACCACGGGGCTGATGATCGTTCT TATG 
33O -- 3360 

GCCGACCTGGAGAGTCGTAGCGGGAGAGTGGTGGTGCCCCGACTACTAGCAAGAATAC 

- -- -- - -------- 

R - D L S A L T T T G L M V - M - 

CACGGGCAGATTCCCCCAGCCTATGCGGGTCTCGCCATCTCTATGCGTCCAGTAACG 
336 ------------- - -ss-s-s-s-s-s- - -------- - - - - - - sees ----------- -- 342O 
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GGCCCGTCTAAGGGGGTCGGATACGCCCAGAGCGGTAGAGAAACGACAGGTCAA TGC 

3. H G O P P A Y A G L A S Y A V O L T 

GGGCTGTTCCAGTTTACGGTCAGACTGGCATCTGAGACAGAAGCTCGATTCACCTCGGTG 
342 --------- ----------- - - -------- ----------- -- - - - - - - - - - -- - - - - - - - - - -- 348O 

CCCGACAAGGTCAAATGCCAGCTGACCGAGACTCTGTCTCGAGCTAAGGGAGCCAC 

3. G - F O F T V R - A S E E A R F S W - 

GAGAGGACAATCACTACATTAAG ACCGTCCTTGGAAGCACCGCCAGAATTAAGAAC 
3481 ---assw---------- - -a-or- - -------------- -- 354O 

CTCCCAGAGTGATGAACTGAGACAGGAACCTTCGTGGACGGCTAATCTG 

3. E R N H Y K S E A P A R K N - 

AAGGCTCCCTCCCCTGACTGGCCCCAGGAGGGAGAGGTGACC (GAGAACGCAGAGATG 
354 - - - - - - - - - - - -- 3600 

CCGAGGGAGGGGACTGACCGGGGTCCTCCCTCTCCACTGGAAACC GCGTCCTAC 

3. K A P S P D W P O E G E W T , F E N A E M 

AGGTACCGAGAAAACCTCCCTCTTGTCCAAAGAAAGTATCCTTCACGATCAAACCTAAA 
36O - + - + - + ----------- 366O 

TCCATGGCTCTTTTGGAGGGAGAACAGGATTTCTTTCATAGGAAGTGCTAGTTTGGATT 

3. R Y R E N L P L V - K K V S F K P K - 

GAGAAGATTGGCAtTGTGGGGCGGACAGGATCAGGGAAGTCCTCGCTGGGGATGGCCCTC 
366 ---------------- + - + 3720 

CTCTCTAACCGTAACACCCCGCCGTCCTAGTCCCTTCAGGAGCGACCCCTACCGGGAG 

8 E K G W G R T G S G K S S L G M A L - 

CCGCTGGGGAGTATCTGGAGGCGCACAAGAGATGGAGTGAGAATCAGTGA 
3721 -- 378O 

AAGGCAGACCACCCAATAGACCTCCGACGAGTTCTAACTACCCACTCTTAGCACA 
--------------------- 

3. F R L V E L S G G C ( K D. G. W. R. S D 

ATTGGCCTTGCCGACCCCGAAGCAAACTCTCTATCATTCCTCAAGAGCCGGGCTGTTC 
3781 - + -- +--- +------------------- + 3840 

TAACCGGAACGGCTGGAGGCTTCGTTGAGAGATAGTAAGGAGTECTCGGCCACGACAAG 

Figure 13 
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G L A D L R S K L S P C E P W L F 

AGTGGCACTGTCAGATCAAATTGGACCCCTTCAACCAGTACACTGAAGACCAGATTTGG 
3841 ------------------- a s-as-a- - - - -- - - - ------ ----------- +--------- + 3900 

TCACCGTGACAGTCTAGT AAACCGGGGAAGTTGGTCATGTGACTTCTGGTCTAAACC 

S G V R S N - O P F N O Y T E D C) W 

(SAGCCCGGAGAGGACACACAGAAAGAAGTATTGCTCAGCACCCGAAACTTGAA 
3901 - +--- +--- +--- +------- +------ + 396C 

CTACGGGACCTCTCCTGTGTGAC TCTTACATAACGAGTCGAGGAGACTTGAACT 

D A L E R T H M K E C A O L P L K L E - 

TCTGAAGTGAGGAGAAGGGGAAAC CTCAGGGGGGAACGGCAGCC GTGCAA 
3961 ----------------------------------- 4020 

AGACTTCACTACCCTACCCCTAT GAAGAGTCACCCCCTTGCCGTCGAGA ACACGA 

S E V M E N G D N F S W G E R O L C - 

GCTAGAGCCCTGCTCCGCCACTGTAAGAT (CTGAttl TAGATGAAGCCACAGCTGCCATG 
402 ------------------ + 4080 

CGATCCGGGACGAGGCGGTGACATTCAAGACTAAAATCTACTCGGTGTCGACGGTAC 

A FR A L L R H C K L D E A T A A M - 

GACACAGAGACAGACTTATTGATTCAAGAGACCATCCGAGAAGCATTTGCAGACTGTACC 
4081 -- a-- - - - - - - - - - 440 

CTGTGTCTCTGTCTGAATAACTAAG TCTCTGGTAGGCTCTTCGTAAACGTCTGACATGG 

O. T E T D C E R E A F A D C - 

ATGCTGACCATTGCCCATCGCCTGCACACGGTTCTAGGCTCCGATAGGATTATGGTGCTG 
441 -- -- 42OO 

TACGACTGGTAACGGGTAGCGGACGTGTGCCAAGATCCGAGGCTATCCAATACCACGAC 
-- ------ - 

M L A - R L H V G S D R M W L - 

GCCCAGGGACAGGTGGTGGAGTTTGACACCCCATCGGCCTTCTGCCAACGACAGCC 
42O1 --------------- 426O 

CGGGTCCCTGTCCACCACCTCAAACTGTGGGGTAGCCAGGAAGACAGGTTGCTGTCAAGG 
1- - - -- --- 

Figure 13J 
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3 A O G O V V E F D T P S W L L S N D S S 

CGATTCTATGCCATGTTTGCTGCTGCAGAGAACAAGGTCGCTGTCAAGGGCTGA 
4261 ------------- ----------- ----------- -r re-se - - -- - - - - 4314 

GCAAGAACGGTACAAACGACGACGTCC GT CCAGCGACAGTCCCGACT 

8 R F Y A M F A A A E N K V A V K G 

Figure 13K 
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MOAT D cd NA AND AMNO ACID SEOUENCE ENCODED THEREBY 

ATGGACGCCCTGTGCGGTTCCGGGGAGCTCGGCTCCAAGTTCTGGGACTCCAACCTGTCT 
--------- --------- -------- -------- ----------- ----------- -- 6O. 

TACCTGCGGGACACGCCAAGGCCCCTCGAGCCGAGGTTCAAG ACCCTGAGGTTGGACAGA 

a M D A Li C G S. G E L G S K F W D S N L. S 

GTGCACACAGAAAACCCGGACCTCACTCCCTGCTTCCAGA/CTCCCTGCTGGCCTGGGTG 
61 -------------- ------------- -------- -- 12O 

CACGTGTGTCT TGGGCCTGGAGTGAGGGACGAAGGTCTTGAGGGACGACCGGACCCAC 

3. W H T E N P D . P C F O N S L L A W W - 

CCCTGCACTACCTGTGGGTCGCCCGCCCTGCTACTGCTCTACCTGCGGCACCA GT 
121 - + ------------- - - 18O 

GGGACGAGAGGACACCCAGCGGGACGGGACGATGAACGAGATGGACGCCGTGGTAACA 

a P C Y L. W. W. A. L. P C Y L Y L R H - C - 

CGTGGCACATCATCCTCTCCCACCTGTCCAAGCTCAAGATGGTCCTGGGTGCCTGCTG 
181 - + ---------- + - + 240 
GCACCGATGTAGTAGGAGAGGGTGGACAGGTTCGAGTTCTACCAGGACCCACAGGACGAC 

2 R G Y L S H L S K . K M W L G W L L - 

TGGGCGTCTCCTGGGCGGACCTTTTTACTCCTTCCATGGCCTGGTCCATGGCCGGGCC 
24 - + - + - + - + - + - + 3OO 

ACCACGCAGAGGACCCGCCTGGAAAAAATGAGGAAGGTACCGGACCAGGTACCGGCCCGG 

3 W C V S W A D L. F Y S F H G L V H G R A - 

CCTGCCCCTGT CTTGTCACCCCCTTGGTGGTGGGGGTCACCATGCTGCTGGCCACC 
301 - + - + - + - + -- + - + 360 
GGACGGGGACAAAAGAAACAGTGGGGGAACCACCACCCCCAGTGGTACGACGACCGGTGG 

3. P A P V F F W T P L V V G V M A - 

CTGCTGATACAGATGAGCGGCTGCAGGGCGTACAGCTCGGGGGTCCCAATCC 

Figure 14A 
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361 --------- ---------- -- a-------- -- or----- ----------- ------------- 42O 

GACGACTATGTCATACTCGCCGACGTCCCGCATGTCAGAAGCCCCCAGGAGTAATAGAAG 

3. L O Y E R L. O. G V O S S G V F 

GG CCTGTGGTGGCTGCGCCATCGTCCCA TCCGCTCCAAGATCCTTAGCCAAG 
421 --------- ----------- ----------- ----------- ----------- ----------- 1- 48O 

ACCAAGGACACACACCAGACGCGGAGCAGGGTAAGGCGAGGTTCTAGGAAAATCGGTTC 

3. W F L c V V C A V P F R S K L L A K - 

GCAGAGGGGAGA CTCAGACCCC CCGCCACCACCCACATCCAC, GCCCTG 
481 - + - + - + - + - + - + 54O 

CGTCCCCACTCTAGAGCTGGGGAAGGCGAAGTGGTGGAAGATGTAGGGAAACGGGAC 

A E G E S D P F R F T T F Y H F A L - 

GTACTCTCTGCCCTCATCTTGGCCTGCTCAGGGAGAAACCTCCATTTTTCTCCGCAAAG 
541 ---- + - + - + - + - + 6OO 

CAGAGAGACGGGAGTAGAACCGGACGAAGTCCCTCTTTGGAGGTAAAAAGAGGCGTTTC 

3 W L S A A C F R E K P P F F S A K - 

AATGTCGACCCTAACCCCTACCCTGAGACCAGCGCTGGCT CCTCCCGCCTGTTTTC 
601 - + - + - + - + - + - + 660 

TACAGCTGGGATTGGGGATGGGACTCTGGTCGCGACCGAAAGAGAGGGCGGACAAAAAG 

8 N V D P N P Y P E T S A G F L S R L. F F - 

TGGGGTTCACAAAGATGGCCATCTATGGCTACCGGCATCCCCTGGAGGAGAAGGACCTC 
661 ------------- + - + 720 

ACCACCAAGTGT CTACCGGTAGATACCGAGGCCGTAGGGGACCTCCTCTCCTGGAG 

a W W F T K M A Y G Y R H P L E E K O L - 

TGGTCCCTAAAGGAAGAGGACAGATCCCAGATGGTGGTGCAGCAGCTGCTGGAGGCATGG 
721 - 4 - + - + - + - + - + 780 

ACCAGGGATTCCTTCTCCTGTCTAGGGTCTACCACCACGTCGTCGACGACCTCCGACC 

3. W S L K E E D R S O M W W. O. O. L. L E A W 

AGGAAGCAGGAAAAGCAGACGGCACGACACAAGGCT CAGCAGCACCTGGGAAAAATGCC 
78 -- --- - - --------------------- -- 840 
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TCCTTCGTCCTTTTCGTCTGCCGTGCTGTGTTCCGAAGTCGTCGTGGACCCT ACGG 

3. R K O. E. K. O. T A R H K A S A A P G K N A 

TCCGGCGAGGACGAGGTGCGCGGGTGCCCGGCCCAGGCCCCGGAAGCCCTCCTTCCTG 
841 -------- --------- -------- - - - - - - - - - - - - - - - - - - - - - - - ss ess - a -. -- 9 OO 

AGGCCGCTCCTGCTCCACGACGACCCACGGGCCGGGTCCGGGGCCTTCGGGAGGAAGGAC 

3. S G E D E W L G A R P R P R K P S F L - 

AAGGCCCTGCTGGCCACCCGGCTCCAGCTTCCTCACAGTGCCTGCT CAAGC Atc 
901 ass--------------------- ---------- - -- 96.O 

TCCGGGACGACCGGTGGAAGCCGAGGTCGAAGGAGTAGTCACGGACGAAG TCGAATAG 

3. K. A L L A T F. G. S S F L S A C F K L E - 

CAGGACCTGCTCTCCTTCATCAATCCACAGCTGCTCAGCATCCTGATCAGGTTTATCTCC 
961 -- + -- 1 O2O 

GTCCGGACGAGAGGAAGTAGTTAGGTGTCGACGAGTCGTAGGACTAGTCCAAATAGAGG 
----------------- 

3. O. D. L. S F N P O L L S L R F S - 

AACCCCATGGCCCCCCCGGTGGGGCTCCTGGTGGCTGGGCTGATGTCCTGTGCCC 

1021 -+-+- + - + - + - + 1080 
TTGGGGTACCGGGGGAGGACCACCCCGAAGGACCACCGACCCGACTACAAGGACACGAGG 

3. N P M A P S W W G F V A G L M F , C S - 

AGATGCAGTCGCTGATCTACAACACTAT TACCACTACATCTTGTGACTGGGGTGAAG 
1081 ------- + - + - + - + 1140 

TACACGTCAGCGACAGAATGTGTGATAATGGTGATGTAGAAACACTGACCCCACTC 

3. M M O S L L. O. H. Y Y H Y F W T G V K - 

TTCGTACTGGGATCATGGGGTCATCTACAGGAAGGCTCTGGTATCACCAACCAGTC 
114.1 

AAAGCATGACCCTAGACCCACAGTAGATGTCCT. TCCGAGACCAATAGGGTTGAGTCAG 
-- +--- + ---------------- + 1200 

3 F R T G M G V Y R K A W T N S W - 

AAACGTGCGTCCACTGTGGGGGAAATGTCAACCTCATGTCAGGGATGCCCAGCGCTTC 
201 - --- + - + ---------- 126O 

TtTGCACGCAGGTGACACCCCCTTAACAGGGAGTACAGTCACCTACGGGTCGCGAAG 

Figure 14C 
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K R A S T W G E V N M S W D A O R F 

ATGGACCTTGCCCCCTTCCTCAATCTGCTGTGGTCAGCACCCCTGCAGATCATCCTGGCG 
261 ---------4---------- ----------- ----------- - --------- ----------- + 1 32O 

ACCTGGAACGGGGGAAGGAG TAGACGACACCAGTCGGGGGACGTCTAGTAGGACCGC 

M D . A P F L N L W S A P L O A 

ATCTACTTCCTCTGGCAGAACCTAGGTCCCTCTGCCTGGCTGGAGECGCTTTCATGGTC 
1321 ----- ------------------------------------------------------- 138o 

TAGATGAAGGAGACCGTCTGGATCCAGGGAGACAGGACCGACCTCAGCGAAAGTACCAG 

Y F L W O N - G P S W L A G W A F M V 

TGCTGATTCCACTCAACGGAGCTGTGGCCGTGAAGATGCGCGCCTCCAGGAAAGCAA 
1381 -- 

AACGACTAAGGTGAGTTGCCTCGACACCGGCACT TCTACGCGCGGAAGGTCCATE TCG T 
- se-- - -----a- - ------------- 1440 

L P L N G A V A V K M R A F O V K O. 

ATGAAATTGAAGGACTCGCGCATCAAGCGAGAGTGAGATCCTGAACGGCATCAAGGTG 
144 - -- -- -- SOO 

TACTTAACTTCCTGAGCGCGTAG CGACTACTCACTCTAGGACTGCCGTAGTTCCAC 
- - - - -- 

M K L K D S R K L M S E N G K V - 

CTGAAGCTGTACGCCTGGGAGCCCAGCTCCTGAAGCAGGTGGAGGGCATCCGGCAGGGT 
150 -------------4---- 1560 

GAC TCGACATGCGGACCCTCGGGTCGAAGGACCGTCCACCTCCCGTAGGCCGTCCCA 

L. K. L. Y. A W E P S F K O. W E G R C G - 

GAGCTCCAGCTGCTGCGCACGGCGGCCTACCTCCACACCACAACCACCTTCACCTGGATG 
1 S6 -- -- -- -- 162O 

CTCGAGGTCGACGACGCGTGCCGCCGGATGGAGGTGTGGTGTTGGTGGAAGGGACCTAC 
--- -- 

E - O L L R T A A Y L H T T T F T W M 

GCAGCCCCTTCCTGGTGACCCTGATCACCCTCGGGTGTACGGTACGTGGACCCAAAC 
1621 --------- ----------------- 68O 

ACGTCGGGGAAGGACCACTGGGACTAGGGGAGACCCACATGCACATGCACCTGGGTTG 
-- - - 

Figure 14D 
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3. C S P F L W T L T L W V Y V Y V D P N 

AATGTGCTGGACGCCGAGAAGGCCTTTGTGTCTGTGTCCTTGAATATCTTAAG ACTT 
1681 -------- ----------- ---------------------- --------------------- + 1740 

TTACACGACCTGCGGCTCTTCCGGAAACACAGACACAGGAACAAATTATAGAAT CTGAA 

3 N W L D A E K A F W S W S L. F N L R 

CCCCCAACATGCTGCCCCAGTTAATCAGCAACCTGACTCAGGCCAGTGTGTCTCTGAAA 
1741 ------------------------------------- ----------- ----------- -- 18OO - 

GGGGAGT TGTACGACGGGGTCAATTAGTCGTTGGACTGAGTCCGGTCACACAGAGACT T 

3. P L N M L P O L S N O. A S W S - K - 

CGGATCCAGCAATTCCTGAGCCAAGAGGAACT GACCCCCAGAGTGTGGAAAGAAAGACC 
801 - - - - - -------------- 1860 
GCCAGGCGTAAGGACTCGGTTCTCCTGAACTGGGGGTCTCACACCTTCTTCTGG 

a R O. O. F L S O E E L O P O S W E R K T - 

ATCTCCCCAGGCTATGCCATCACCATACACAGTGGCACCTTCACCTGGGCCCAGGACCTG 
1861 ---------------------------- 1920 

TAGAGGGGTCCGATACGGTAGTGGTAGTGTCACCGGGAAGTGGACCCGGGTCCTGGAC 

3. S P G Y A T H S G T F T W A C D - 

CCCCCCACTCTGCACAGCCTAGACATCCAGGCCCGAAAGGGGCACTGGTGGCCGTGGTG 
1921 - + - + - + - + - - - + 198O 

GGGGGGGAGACGTGTCGGATCGTAGGTCCAGGGCT TCCCCGTGACCACCGGCACCAC 

a P P - S - O O. V P K G A L V A V W - 

GGGCCGTGGGCGTGGGAAGTCCCCCTGGTGTCTGCCCTGCTGGGAGAGATGGAGAAG 
1981 - + ------------- + 2O4O 

CCCGGACACCCGACACCCTTCAGGAGGGACCACAGACGGGACGACCCTCTCTACCTCTTC 

3. G P V G C G K S S L W S A G E M E K - 

CTAGAAGGCAAAGGCACATGAAGGCAt GGATCCAGAACTGCACTCTTCAGGAAAACGTG 
2O41 -- 21 OO 

GATCT TCCGTTTCACGTGTACT CCGTACCTAGGTCTTGACGTGAGAAGTCCTTT GCAC 
-------- -------- -- 

3. L. E G K W H M K A W E O N C if t. O. E. N. W. 

Figure 14E 
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3. 

CTTTTCGGCAAAGCCCTGAACCCCAAGCGCTACCAGCAGACTCTGGAGGCCTGTGCCTG 
2101 -------------------- -------------------- - --------- - - -------- + 2 16O 

GAAAAGCCGTTCGGGACTGGGGTTCGCGATGGTCGTCTGAGACCTCCGGACACGGAAC 

L. F G. K. A. L N P K FR Y O O. T L E A C A - 

CTAGCTGACCTGGAGATGCTGCCTGGTGGGGATCAGACAGAGATTGGAGAGAAGGGCATT 
21 61 ------------------ ----------- ----------- -----------> ----------- -- 222O 

GATCGACTGGACCTCTACGACGGACCACCCCTAGTCTGTCTCTAACCTCTCTTCCCGTAA 

L. A D L E M L P G G D C T E G E K G - 

AACCTGTCTGGGGGCCAGCGGCAGCGGGTCAGTCTGGCTCGAGCTGTTTACAGTGATGCC 
2221 -- H -- - -- -- 228O 

TGGACAGACCCCCGGTCGCCGTCGCCCAGTCAGACCGAGCTCGACAAATGTCACTACGG 

N. L. S G G O R O R V S L A R A V Y S D A - 

GATA TTCTTGCTGGATGACCCACGTCCGCGGTGGACTCTCATGGGCCAAGCACATC 
2281 -- -- - - - - - - - 234O 

CTATAAAAGAACGACCACGGGTGACAGGCGCCACCTGAGAGTACACCGGTTCGTGAG 

D F L L D D P L S A v D S H v A K H - 

tt TGACCACGTCATCGGGCCAGAAGGCGTGCTGGCAGGCAAGACGCGAGTGCTGGTGACG 
2341 ------------------ 24OO 

AAACTGGTGCAGTAGCCCGGTCTTCCGCACGACCGTCCGTTCTGCGCTCACGACCACTGC 

F D H W G P E G W L A G K R V W T - 

CACGGCA AGC CCGCCCCAGACAGACCACA GTGCTAGCTGATGGACAGGTG 
24O1 - + - + - + - + - + - + 2460 

GTGCCGTAACGAAGGACGGGGTCTGTCTGAAGTAGTAACACGATCGACTACCTGTCCAC 

H G S F L P C T D F W L A D G O V - 

TCTGAGATGGGCCCGTACCCAGCCCTGCTGCAGCGCAACGGCTCC TGCCAACTTTCTC 
2461 -------- - - - - - 29.20 

AGACTCTACCCGGGCATGGGTCGGGACGACGTCGCGTTGCCGAGGAAACGGTTGAAAGAG 

-- --------- 

S E M G P Y P A L O R N G S F A N F 

Figure 14F 
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TGCAACTATGCCCCCGATGAGGACCAAGGGCACCTGGAGGACAGCTGGACCGCGTGGAA 
2521 --------- - errr ----- --------------------- -- - - - - - - - - -- - - - - - - - - -- 258O 

ACGTTGATACGGGGGCTACTCCTGGTTCCCGTGGACCTCCTGTCGACCTGGCGCAACCTT 

C N. Y. A P D E D C G H L E D S W T A L E 

GGTGCAGAGGATAAGGAGGCACTGCTGATTGAAG ACACACTCAGCAACCACACGGATCTG 
2581 --------- ----------- -- --------- ----------- -- - - ------- ----------- -- 264O 

CCACGTCTCCTA TCCTCCGTGACGACTAACTTCTGTGTGAGTCGGGTGTGCCTAGAC 

G A E D K E A L L E D T L S N H D. L. 

ACAGACAATGATCCAGTCACCTATGTGGTCCAGAAGCAGTTTATGAGACAGCTGAGTGCC 
2641 - + - + - + - + - + - + 27OO 

TGTCTG ACTAGGTCAGTGGATACACCAGGTCTTCGTCAAATACTCTGTCGACTCACGG 

T D N D P v T Y V V o Ko F M R O L S A - 

CGTCCCAGATGGGGAGGGACAGGGTCGGCCTGACCCCGGAGGCACCTGGGTCCACA 
27O1 - - - - - -------------------------- ---------- -- 276O 

GACAGGAGTCACCCCTCCCGTCCCAGCCGGACATGGGGCCTCCGTGGACCCAGGAGT 

L S S D G E G O G R P V P R R H L G P S - 

GAGAAGGTGCAGGGACAGAGGCGAAGGCAGATGGGGCACTGACCCAGGAGGAGAAAGCA 
276 - + - + - + - + - + - + 2820 

CTCTCCACGTCCACTGTCTCCGCTCCGTCTACCCCGTGACTGGGTCCTCCTCTTCGT 

E K W O. W T E A K A D G A L T O. E. E. K. A - 

GCCATTGGCACTGTGGAGCTCAGTGTGTTCGGGAATGCCAAGGCCGTGGGGCTCTGT 
282 - + - + - + - + - + - + 2880 

CGGTAACCGTGACACCTCGAGTCACACAAGACCCTAATACGGTTCCGGCACCCCGAGACA 

A G T V E L S V F W D Y A K A V G - C - 

ACCACGCTGGCCATCTGTCTCCTGATGTGGGTCAAAGTGCGGCTGCCATGGAGCCAA 
2881 - + -------------------------- + 2940 

TGGTGCGACCGGTAGACAGAGGACATACACCCAGTTTCACGCCGACGGTAACCTCGGTTA 
-- 

T T 1. A C - L. Y. W G O S A A. A G A N - 

GTGTGGCTCAGTGCCTGGACAAATGATGCCATGGCAGACAGTAGACAGAACAACACTTCC 

Figure 14G 
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2941 -------------------- ------- - - - - - - - --------- -- a------- -- 3OOO 

CACACCGAGTCACGGACCTG T ACTACGG ACCGTCTGTCATCTGTCTTGTTGTGAAGG 

V W L S A W T N D A M A D S R O N N T S 

CTGAGGCTGGGCGTCTATGCTGCTTAGGAATTCTGCAAGGGTTCTTGGTGATGCTGGCA 
3OO --------- +-------- + ------------------ -- - - - - - - - - - +-------- + 3O6O 

GACTCCGACCCGCAGATACGACGAAATCC TAAG ACGTCCCAAGAACCACTACGACCGT 

L R L G V Y A A L G O G F W M L A 

GCCAGGCCATGGCAGCGGGTGGCATCCAGGCTGCCCGTGTGTTGCACCAGGCACTGCTG 
3O6 -- -- -- -- 312O 

CGGTACCGGTACCGTCGCCCACCGTAGGTCCGACGGGCACACAACGTGGTCCGTGACGAC 
- ------ 

A M A M A A G G O A A R V L. H. O. A L - 

CACAACAAGATACGCTCG CCACAGTCCTTCTTTGACACCACACCATCAGGCCGCATCCTG 
31 21 - - - - - - - - - --- + 318O 

GTGTTGT TCTATGCGAGCGGTGTCAGGAAGAAACTGTGGTGTGGTAGTCCGGCGTAGGAC 

H N K R S P O S F F D T T P S G R L - 

AACTGCTTCTCCAAGGACATCTATGTCGTTGATGAGGTTCTGGCCCCTGTCATCCTCATG 
3181 - - - - - - - - - - - + 3240 

TGACGAAGAGGTTCCTGTAGATACAGCAACTACTCCAAGACCGGGGACAGTAGGAGTAC 

N C F S K D Y V V D E W L A P V M - 

CTGCTCAATTCCTTCTTCAACGCCATCTCCACTCTTGTGGTCATCAGGCCAGCACGCCG 
3241 - + --------------- 3300 

GACGAGTTAAGGAAGAAGTTGCGGTAGAGGTGAGAACACCAGTAGTACCGGTCGTGCGGC 
L. L N S F F N A S T L V V M A S T P - 

CTCTTCACTGTGGTCATCCTGCCCCTGGCTGTGCTCTACACCTTAGTGCAGCGCTTCTAT 
3301 - + - + - + - + - + - + 3360 

GAGAAGTGACACCAGTAGGACGGGGACCGACACGAGAGTGGAATCACGTCGCGAAGATA 

F T V V P L A V L Y T L V O R F Y 

GCAGCCACATCACGGCAACTGAAG CGGCTGGAATCAGTCAGCCGCTCACCTACTACTCC 
3.361 - - 342O -- - - - - - -- - -- -- 

Figure 14H 
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CGTCGGGTAGGCCGTTGACTTCGCCGACCTAGTCAGTCGGCGAGTGGATAGAGAGG 

3. A A S R O L K R L E S V S R S P Y S - 

CACTTTCGGAGACAGTGACTGGTGCCAGTGTCACCGGGCCTACAACCGCAGCCGGGAT 
342 --------- -- - - - - - - - - - • -- s---as- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 348O 

GTGAAAAGCCCTGTCACTGACCACGGTCACAGTAGGCCCGGATGTGGCGTCGGCCCTA 

3. H F S E T W T G A S W R A Y N R S R D - 

TTGAGATCATCAGTGATACAAGGGGATGCCAACCAGAGAAGCGCTACCCCTACATC 
348 ---------------------------------------- + 3540 

AAAC CTAGTAGTCACTATGATTCCACCTACGGTTGGTCTCTCGACGATGGGGATGTAG 

F E S D K W D A N C R S C Y P Y 

ATCTCCAACCGGGGCTGAGCATCGGAGTGGAG TCGTGGGGAACTGCGGGTGCTCT 
3541 -- -- -- - -------- 3600 

TAGAGGTTGGCCACCGACTCGTAGCCTCACCTCAAGCACCCCTGACGCACCACGAGAAA 

-- 

a S N R W L S G V E F W G N C V V L. F - 

GCTGCACTATtTGCCGTCATCGGGAGGAGCAGCCTGAACCCGGGGCTGGTGGGCCTT TOT 
36O1 - +----------------- 3660 

CGACGTGAAAACGGCAGTAGCCCTCCTCGTCGGACTGGGCCCCGACCACCCGGAAAGA 

a. A. A F A W G R S S L N P G W G L S - 

GTGTCCACTCC GCAGGTGACATTGCTCTGAACTGGATGATACGAATGATGTCAGAT 
3661 - - - - - - - - - + - + 372O 

CACAGGATGAGGAACGTCCACTGTAAACGAGACTTGACCTACTATGCTACTACAGTCTA 

3. W S Y S O W T F A L. N. W. M. R M M S D - 

TGGAATCAACATCGTGGCTGTGGAGAGGGTCAAGGAGTACTCCAAGACAGAGACAGAG 
372 - + - + ------------- 378O 

AACCAGATGTAGCACCGACACCTCTCCCAGCCTCAGAGGT CTGCCTGTCC 

L E S N V A V E R V K E Y S K E T E 

GCGCCCTGGGTGGTGGAAGGCAGCCGCCCTCCCGAAGGTTGGCCCCCACGTGGGGAGGTG 
3781 -- - - - - 384O 

CGCGGGACCCACCACC CCGTCGGCGGGAGGGCTCCAACCGGGGGGCACCCCCCAC 
--------- -- -- 

Figure 14 
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8 A P W V V E G S R P P E G w P P R G E v 

GAGTTCCGGAATTATTCTGTGCGCTACCGGCCGGGCCTAGACCTGGTGCTGAGAGACCTG 
3841 --------- ---------- - -------------------- ----------- - - - - - - - - - -- 39 OO 

CTCAAGGCCTTAATAAG ACACGCGATGGCCGGCCCGGATCTGGACCACGAC CTCTGGAC 

3. E F R N Y S W R Y R P G D L W L R D - 

AGTCTGCATGTGCACGGTGGCGAGAAGGGGGGATCGGGGCCGCAGGGGGCGGCAAG 
3901 -- - - -------- ----------- -- 396 O 

TCAGACGTACACGTGCCACCGCTCTCCACCCCTAGCACCCGGCGTGACCCCGACCGTTC 
---------- 

3. S - W H G G E K V G W G R T G A G K - 

TCTTCCATGACCCTTTGCCGTTCCGCATCCTGGAGGCGGCAAAGGGTGAAATCCGCAT 
3961 --------- -------------------------- 4O2O 

AGAAGGTACTGGGAAACGGACAAGGCGAGGACCTCCGCCGTCCCAC TAGGCGAA 

8. S S M T - C - F R E A A K G E f R - 

GATGGCCTCAATGTGGCAGACATCGGCCCCATGACCTGCGCTCTCAGCTGACCATCATC 
4O21 -- -- -- - - - - - - ------- 408O 

CTACCGGAGTTACACCGTCTGTAGCCGGAGGTACTGGACGCGAGAGTCGACTGGTAGTAG 
a. D G L. N. V. A D G L H O R S O 1 - 

CCGCAGGACCCCATCCTGTTCTCGGGGACCCTGCGCATGAACCTGGACCCCTTCGGCAGC 
4081 - + ----------------- 4140 

GGCGTCCTGGGGTAGGACAAGAGCCCCTGGGACGCGTACTTGGACCTGGGGAAGCCGTCG 
3. P o D P L. F s G T L R M N L D P F G S - 

TACTCAGAGGAGGACA TGGTGGGCT TGGAGCGTCCCACCGCACACGGTGAGC 
4141 -- -- -- -------- 42OO 

AGAGCTCCTCCTGTAAACCACCCGAAACCTCGACAGGGTGGACGTGTG CAAACACTCG 
ar 

3. Y S E E D W W A L E L S - F W S 

TCCCAGCCGGCAGGCCTGGACTTCCAGTGCTCAGAGGGCGGGGAGAATCTCAGCGTGGGC 
420 --------------- -- - - - - - - - - - - - - - - ----------- + 426 O 

AGGGTCGGCCGTCCGGACCGAAGGTCACGAGCTCCCGCCCCTCT AGAGTCGCACCCG 

Figure 14 
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a S O P A G - D F O C S E G G E N L S W G - 

CAGAGGCAGCCGTGTGCCTGGCCCGAGCCCTGCTCCGCAAGAGCCGCATCCTGGTTTA 
4261 -------- - --ra-r--------------------- - - - - - - - - - - -- - - - - - - - - - -- 432O 

GTCTCCGTCGAGCACACGGACCGGGCTCGGGACGAGGCGTTCTCGGCGTAGGACCAAAAT 

3 O R O L V C - A R A R K S R L V 

GACGAGGCUACACCGCCATCGACCTGGAGACTGACAACCTCATCCAGGCTACCATCCGC 
4321 -- a-- - ------------ea------ + 4380 

CTGCTCCGGTGTCGACGGTAGCTGGACCTCTGACTGTTGGAGTAGGTCCGATGGTAGGCG 
-- 

a D E A T A A D L E D. N. L. O. A T R - 

ACCCAGTTTGATACCTGCACTGTCCTGACCATCGCACACCGGCTTAACACTATCATGGAC 
4381 - +--- + - +--- +--- + 4440 

TGGGTCAAACTATGGACGTGACAGGACTGGTAGCGTGTGGCCGAATTGTGATAGTACCTG 

3. to F D T C T v L T A H R L N T M D - 

TACACCAGGGTCCTGGTCCTGGACAAAGGAGTAGTAGCTGAATTGA CTCCAGCCAAC 
4441 - + -+- + - + -- +--- + 4500 

ATGTGGTCCCAGGACCAGGACCTGTTTCCTCATCATCGACTTAAACTAAGAGGTCGGTTG 

3. Y T R V L V O K G V V A E F D S P A N - 

CTCAt GCAGCTAGAGGCATCTTCTACGGGATGGCCAGAGATGCTGGACTTGCCTAA 
45O1 ---------------- 4557 

GAGTAACGTCGATCTCCGTAGAAGATGCCCTACCGGTCTCTACGACCTGAACGGATT 

3. L A A R G F Y G M A R D A G L A * - 

Figure 14K 
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MOAT E cDNA AND AMNO ACID SEO UENCE ENCODED THEREBY 

AGGCCGCGCCTGCTGAGCCCTGCGCGGGGCAGGGGGTCTGGAACCAGACAGAGCC GAA 
1 --------- ----------- --------------------- ----------- - - - - - - - - - - -- 6O 

TACCGGCGCGGACGACTCGGGACGCGCCCCGTCCCCCAGACCTTGGCTGTCTCGGACTT 

a M A A P A E P C A G O G. W. W. N. O. T E P E 

CCTGCCGCCACCAGCCTGCTGAGCCTGTGCTCCTGAGAACAGCAGGGGTCTGGGACCC 
6 -------- ----------- ------------------- ---------- ----------- -- 120 

GGACGGCGGGGTCGGACGACCGGACACGAAGGACTCTGTCGTCCCCAGACCCAGGG 

3. P A A S L L S L C F L R T A G W W V P - 

CCCATGTACCTCTGGGTCCTTGGTCCCATCTACCTCCTCTCATCCACCACCATGGCCGG 
121 - - - - - - - ----------- 180 

GGGTACATGGAGACCCAGGAACCAGGGTAGATGGAGGAGAAGTAGGGGTGGTACCGGCC 

3. P M Y L W v L G P Y L. L. F H H H G R - 

GGCACCTCCGGAGTCCCCACTCTTCAAAGCCAAGATGGTGCTTGGATTCGCCCTCATA 
81 - + -- + -a- + - + - + - + 240 

CCGATGGAGGCCTACAGGGGTGAGAAGTTTCGGTTCTACCACGAACCTAAGCGGGAGTAT 

3 G Y L. R. M S P - F K A K M W L G F A - 

GTCCTGTGTACCTCCAGCGTGGCTGTCGCTCT TGGAAAATCCAACAGGGAACG CCGAG 
241 - +-------- + - + --- 3OO 

CAGGACACATGGAGGTCGCACCGACAGCGAGAAACCTTAGGTTGCCCTTGCGGACTC 

3. v L C T S S v A v A L w K a o G T P E - 

GCCCCAGAATTCCTCATCATCCTACTGTGTGGCTCACCACGATGAGCTTCGCAGTGTC 
301 - + -------------------- 360 
CGGGGCTTAAGGAGAAGTAGGATGACACACCGAGGGTGCACTCGAAGCGTCACAAG 

a A P E F L H P T W W L T T M S F A V F 

CTGACACACCGAGAGGAAAAAGGGAGCCAGTCACTGGAGTGCTGT GGTTACTGG 
361 --- + +---------- + 420 

GACTAAGTGTGGCTCTCCTTTTTCCCTCAGGTCAGTAGACCTCACGACAAACCAATGACC 
-- -- 

Figure 15A 
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- T E R K K G V C S S G V L. F G Y W 

CTTCTCTGCTtTGTCTTGCCAGCTACCAACGCTGCCCAGCAGGCCTCCGGAGCGGGCTC 
421 -------------------- ------as--- -es - - - - - - - - - - - - - - - - - s--rs evea- r 48O 

GAAGAGACGAAACAGAACGGTCGATGGTTGCGACGGGTCGTCCGGAGGCCTCGCCCGAAG 

C F W L P A T N A A. O. O. A S G A G F 

CAGAGCGACCCTGTCCGCCACCTGTCCACCTACCTATGCCGTCTCTGGTGGIGGCACAG 
48 ---------------------------------------------- 540 

GTCCGCTGGGACAGGCGGTGGACAGGGGATGGAACGGACAGAGACCACCACCGGC 

O S D P W R S Y L. C S L V V A O - 

GTGCTGTCCTGCCTGGCGGATCAACCCCCCTTCTCCCTGAAGACCCCCAGCAGTCT 
541 -- - -- + 6OO 

AAACACGACAGGACGGACCGCCTAGGGGGGGAAGAAGGGAC CTGGGGGCGTCAGA 

- ----------- 

F W L S C A D C P P F F P E O P O O S - 

AACCCCGTCCAGAGACTGGGGCAGCCTTCCCCTCCAAAGCCACGTCTGGTGGGTTTCT 
6O1 -- -- -- 66O 

TGGGGACAGGTCTCTGACCCCGCGGAAGGGGAGGTTCGGGCAAGACCACCCAAAGA 

--------------------- 

N P C P E T G A A F P S K A F W W V S - 

GGCCTGGTCTGGAGGGGATACAGGAGGCCACTGAGACCAAAAGACCTCTGGTCGCTTGGG 
661 - - - - - - - - - - - -- 720 

CCGGACCAGACCCCCCTAGTCCTCCGGGACTCGGT CTGGAGACCAGCGAACCC 

G W W R G Y FR FR P L R P K D W S L G - 

AGAGAAAACCCCAGAAGAACGTCCCGGCTGAAAAGGAGTGGATGAGGAACCGC 
72 ------- -- - -- -- -- 78O 

TCTCTTGAGGAGTCTTCTGAACAAAGGGCCGAACTTTCCTCACCTACCCTGGCG 

R E N S S E E L V S R E K E W M R N R - 

AGTGCAGCCCGGAGGCACAACAAGGCAATAGCAT TAAAAGGAAAGGCGGCAGTGGCATG 
781 -- a-- - - - - --------- -- - - - - - - - - - -- - - - - - - - 840 

TCACGTCGGGCCTCCGGTGTTCCGTACGTAAATTTCCTTCCGCCGT CACCGTAC 

Figure 15B 
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3. S A A R R - N. K. A A F K R K G G S G M 

AAGGCTCCAGAGACCGAGCCCCCTACGGCAAGAAGGGAGCCAGTGGCGCCCACTGCTG 
841 ----------------------------------------- -- - - - ------ -- 9 OO 

TTCCGAGGTCTCTGGCTCGGGAAGGATGCCGTTCTCCCTCGGTCACCGCGGGTGACGAC 
3 K A PE T E P F L R O E G S O w R P L 

AAGGCCATCGGCAGGGTTCCAT CACCTCCTCCTGGGGACCCTCAGCC CATCATC 
90 - -- ------------------------- -- 96.O 

TTCCGGTAGACCGTCCACAAGGTAAGATGGAAGGAGGACCCCTGGGAGTCGGAGTAGTAG 
al K. A W. C. V. F H S F L L G T L S L 

AGTGATGTCT CAGGTTCACTGTCCCCAAGCTGCTCAGCCTTTTCCTGGAGTTTATTGGT 
961 -- -- -- - + 1 O2O 

TCACTACAGAAGTCCAAGTGACAGGGGTTCGACGAGTCGGAAAAGGACCTCAAATAACCA 
--- -- 

3. s D v FR F T W P K L L S L F L E F G - 

GATCCCAAGCCTCCAGCCTGGAAGGGCTACCTCCTCGCCGGCTGATGTCCTCCAGCC 
102 - - - - - - - - - - - -- 1O8O 

CTAGGGTCGGAGGTCGGACCTTCCCGATGGAGGAGCGGCACGACTACAAGGAGAGTCGG 

O P K P P A W K G Y L. A. W. L. M. F L S A - 

TGCCTGCAAACGCTGTTTGAGCAGCAGAACATGTACAGGCTCAAGGTGCCGCAGATGAGG 
08 - + --4---- - - - + - + 140 

ACGGACGTTTGCGACAAACTCGTCGTCTTGTACATGTCCGAGTTCCACGGCGTCTACTCC 

3. C L. O. T L. F E O O. N. M. Y. R. L. K W P O M R - 

TGCGGTCGGCCATCACTGGCCTGGGACAGAAAGGTCCTGGCTCTGCCAGCGGCCC 
141 ---------------------- 2OO 
AACGCCAGCCGGTAGTGACCGGACCACATGTC TCCAGGACCGAGACAGGTCGCCGAGG 

3. L R S A t G L V Y R K V A L S S G S - 

AGAAAGGCCAGGCGGTGGGTGATGGGCAATCGGGTCCGTGGACGGCAGCGGCG 
1201 - - - - - - - + - + -- + 1260 

CTTTCCGGTCACGCCACCCACACACCAG TAGACCACAGGCACCTGCACGTCGCCGAC 

3. R. K. A S A V G O V V N L V S W D W. O. R L. 

Figure 15C 
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ACCGAGAGCGTCCTCTACCTCAACGGGCTGTGGCTGCCTCTCGTCTGGATCGTGGTCTGC 
126 -------------------------------------- - -ss---- ---------- + 1 32O 

TGGCTCTCGCAGGAGATGGAGTTGCCCGACACCGACGGAGAGCAGACCTAGCACCAGACG 

E S W - Y - N G W P L V W V V C 

TCGCTATCTCTGGCAGCTCCTGGGGCCCTCCGCCCTCACTGCCATCGCTGTCTTCCTG 
1321 ----------------------- -------------------------------- -- 38O 

AAGCAGATAGAGACCGTCGAGGACCCCGGGAGGCGGGAGTGACGGTAGCGACAGAAGGAC 

F V Y L. W. O. L. L G P S A L A A V F L 

AGCCTCCTCCCTCTGAATTCTTCACTCCAAGAAAAGGAACCACCATCAGGAGGAGCAA 
1381 - + - + - + - + -- + - + 440 

TCGGAGGAGGGAGACTAAAGAAGTAGAGGTTCTTCCTTGGTGGTAGTCCTCCTCGT 

S L - P - N F F S K K R N H H O. E. E. O. - 

ATGAGGCAGAAGGACTCACGGGCACGGCCACCAGCTCTATCCTCAGGAACTCGAAGACC 
1441 -------------------- 15OO 

TACTCCGTCTCCGAGTGCCCGTGCCGAGTGGTCGAGATAGGAGCCTTGAGCTCTGG 

M R O K D S R A R L T S S L R N S K T - 

ATCAAGTTCCATGGCTGGGAGGGAGCCTTTCTGGACAGAGTCCTGGGCATCCGAGGCCAG 
1501 - + - +------------- 1560 

AG CAAGGACCGACCCCCCTCGGAAAGACCTGTCCAGGACCCGTAGGCTCCGGTC 

K F H G W E G A F L D R v L G R G a -- 

GAGCTGGGCGCCTGCGGACCTCCGGCCTCCC, TCTCTGTGTCGCTGGGTCCTCCAA 
1561 ------------- + - + 1620 

CTCGACCCGCGGAACGCCTGGAGGCCGGAGGAGAAGAGACACAGCGACCACAGGAAGG 

E L G A L R T S G L L F S v S L vs F o - 

GTGTCTACATTTCGGTCGCACTGGTGGTGTTTGCTGTCCACACTCTGGTGGCCGAGAAT 
1621 -- -- -- -------- 1680 

CACAGATGTAAAGACCAGCGTGACCACCACAAACGACAGGTGTGAGACCACCGGCCTA 
-- 

W S T F L V A V V F A. W H T L V A E N 

Figure 15D 
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GCTATGAATGCAGAGAAAGCCTtTGTGACTCTCACAGTTCTCAACATCCTCAACAAGGCC 
1681 --------------------------- ----------- -- a----------------- + 1740 

CGATACTTACGTCTCTTCGGAAACACTGAGAGTGTCAAGAGTTGTAGGAGTGTCCGG 

A M N A E K. A F W T L T W L N L. N. K. A - 

CAGGCTTCCTGCCCTTCTCCATCCACCCCTCGTCCAGGCCCGGGTGTCCTTTGACCGT 
1741 ----- ---------------------- ----------- + ------- + ----------- 1800 

GTCCGAAAGGACGGGAAGAGGTAGGTGAGGGAGCAGGTCCGGGCCCACAGGAAACTGGCA 

O A F L P F S H S L V O. A R W S F D R - 

CTGGTCACCTTCCTCTGCCTGGAAGAAGGACCCTGGGTCGTAGACTCAAGTTCCTCT 
1801 ---------------- + 186O 

GACCAGTGGAAGGAGACGGACCTTCTTCAACTGGGACCACAGCATCTGAGTTCAAGGAGA 

V F L C L E E V D P G V V D S S S S - 

GGAAGCGCTGCCGGGAAGGATTGCATCACCATACACAGTGCCACCTTCGCCTGGTCCCAG 
1861 ------------------ 1920 

CCTTCGCGACGGCCCTTCCTAACGTAGGGATGGTCACGGGGAAGCGGACCAGGGC 

G S A A G K D C T H S A T F A W S O - 

GAAAGCCCTCCCTGCCTCCACAGAATAAACCTCACGGTGCCCCAGGGCGTCTGCTGGC 
1921 ------------------ 1980 

CTCGGGAGGGACGGAGGGTCTAGGAGTGCCACGGGGTCCCGACAGACGACCGA 

E S F P C L H R N V P O G C A - 

GTTGTCGGTCCAGTGGGGGCAGGGAAGTCCTCCCTGCTGTCCGCCCTCCTTGGGGAGCTG 
1981 - + - + - + - +------ 2040 

CAACAGCCAGGTCACCCCCGTCCC, TCAGGAGGGACGACAGGCGGGAGGAACCCCTCGAC 

V V G P V G A G K S S L L S A L L G E L - 

TCAAAGGGGAGGGGTTCGGAGCATCGAGGGTGCTGTGGCCTACGTGCCCCAGGAGGCC 
2041 - + - + - + - + - + -- + 21 OO 

AGTTTCCACCTCCCCAAGCACTCGTAGCTCCCACGACACCGGATGCACGGGGTCCTCCGG 

S K V E G F V S E G A V A Y V P O E A - 

TGGGGCAGAACACCTCTGTGGTAGAGAATGTGTGCTCGGGCAGGAGCTGGACCCACCC 

Figure 15E 
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21 O ---------------------------------4-------- - -a--------- 260 

ACCCACGTC EGTGGAGACACCATCTCTTACACACGAAGCCCGTCCCGACCTGGGTGGG 

3. W V O N T S V V E N V C F G O E L D P P - 

TGGCTGGAGAGAGTACTAGAAGCCTGGCCCTGCAGCCAGATGTGGACAGCTTCCCTGAG 
21 61 -------------------- -- se - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 222O 

ACCGACCTCTCCATGACCGGACACGGGACGTCGGCACACCGCGAAGGGACC 

3. W L E R W L E A C A L. O. P. D. W D S F P E - 

GGAATCCACAct TCAAt TGGGGAGCAGGGCATGAATCTCTCCGGAGGCCAGAAGCAGCGG 
2221 - + ---------- + - + 228O 

CCTTAGGTGGAAGTTAACCCCTCGTCCCGTACTTAGAGAGGCCTCCGGTCTTCGTCGCC 

a G H T S G E O G M N L S G G O K. O. R - 

CTGAGCCTGGCCCGGGCTGTATACAGAAAGGCAGCTGTGTACCTGCTGGATGACCCCCTG 
2281 -- r --- a- -- 234O 

GACTCGGACCGGGCCCGACAATGTCTTCCGTCGACACATGGACGACCTACTGGGGGAC 

a S L A R A V Y R K A A V Y D D P L - 

GCGGCCCTGGATGCCCACGTTGGCCAGCATGTCTTCAACCAGGTCATTGGGCCTGGTGGG 
2341 - + - + ------- + - + 2400 

CGCCGGGACCTACGGGTGCAACCGGTCGTACAGAAGTTGGTCCAGAACCCGGACCACCC 

a A A L D A H v G O H v F No. v. G P G G - 

CTACTCCAGGGAACAACACGGATTCTCGTGACGCACGCACTCCACATCCTGCCCCAGGCT 
2401 - + ----------4---- 2460 

GATGAGGTCCCT GTGTGCCAAGAGCACTGCGGCGTGAGGTGTAGGACGGGGTCCGA 

3. O G T R V H. A P. O. A - 

GATTGGATCATAGTGCTGGCAAATGGGGCCATCGCAGAGATGGGTTCCTACCAGGAGCTT 
246 -- -- -- 252O 

CTAACCTAGTATCACGACCGT (TACCCCGGTAGCGTCCTACCCAAGGATGGTCCTCGAA 
-- -------- 

3. D W W L A N G A A E M G S Y O E 

CTGCAGAGGAAGGGGGCCCTCGTGTGTC CTGGATCAAGCCAGACAGCCAGGAGATAGA 
252 -- 258O -- -- - - - - - - - - -- 

Figure 15F 
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3. 

GACGTCTCCTTCCCCCGGGAGCACACAGAAGAcet AGTTCGGTCTGTCGGTCCTCTATCT 

L O R K G A L V C L L. D. O. A R O P G D R 

GGAGAAGGAGAAACAGAACCTGGGACCAGCACCAAGGACCCCAGAGGCACCTCTGCAGGC 
258 --------- ---------- ----------- ---------- --------------------- -- . 264 O 

ccTct TcCTCitTGTCTTGGACCCTGGTCGTGGTTCCTGGGGTCTCCGTGGAGACGTccG 

G E G E T E P G T S T K D P R G T S A G 

AGGAGGCCCGAGC AGACGCGAGAGGTCCATCAAGTCAGTCCCTGAGAAGGACCGTACC 
264 -- ------ + 27 OO 

CCTCCGGGCTCGAATCTGCGCTCTCCAGGTAGTCAGTCAGGGACTCTTCCTGGCAGG 
-- --- -- 

R R P E R. R. E R S K S W P E K D R T - 

ACT TCAGAAGCCCAGACAGAGGTCCTCTGGATGACCCTGACAGGGCAGGATGGCCAGCA 
270 - - - - - -------------- 276O 

TGAAGTCTTCGGGTCTGTCTCCAAGGAGACCACTGGGACTGTCCCGTCCTACCGGTCGT 

T S E A C T E V P L D D P D R A G W P A - 

GGAAAGGACAGCATCCAATACGGCAGGGTGAAGGCCACAGTGCACCTGGCCTACCTGCGT 
2761 ------------------- 2820 

CCTTCCTGTCGTAGGTTATGCCGTCCCACTTCCGGTGTCACGTGGACCGGATGGACGCA 

G K D S O Y G R V K A W H L A Y L R - 

GCCGTGGGCACCCCCCTCTGCCTCTACGCACTCTTCCTCTTCCTCTGCCAGCAAGTGGCC 
2821 -4---4-----4---- + 2880 

CGGCACCCGTGGGGGGAGACGGAGATGCGTGAGAAGGAGAAGGAGACGGTCGTTCACCGG 

A W G T P L C L Y A - F L F L C O. O. W. A - 

TCCTCGCCGGGGCTACTGGCTGAGCCTGTGGGCGGACGACCCTGCAGTAGGTGGGCAG 
2881 - + - + - + - + - + -- + 2940 

AGGAAGACGGCCCCGATGACCGACTCGGACACCCGCCTGCTGGGACGTCACCACCCGTC 

S F C R G Y W L S L W A D D P A W G G O - 

CAGACGCAGGCAGCCCTGCGTGGCGGGATCTTCGGGCTCCTCGGCTGTCTCCAAGCCAT 
-- 3000 

GTCTGCGTCCGCGGGACGCACCGCCCAGAAGCCCGAGGAGCCGACAGAGGCGGAA 
294 - + - + - + - + - + 

Figure 15G 



U.S. 

a 

Patent Dec. 25, 2007 Sheet 54 of 57 US 7.312,026 B2 

O O. A. A f G G F G G C O. A 

GGGCTGTTGCCCCAGGCTGCGGGCTCCAGGGGGGCCCGGGCACCAGGTTGCTC 
3OO -------------- a -------------- - ------- + 3O80 

CCCGACAAACGGAGGTACCGACGCCACGAGGATCCACCCCGGGCCCGTAGGTCCAACGAG 

G. L. F A S M A A W L L G G A FR A S R L. L. 

TCCAGAGGCTCCTGTGGGATGGGGCGATCTCCCATCAGCTTCTTTGAGCGGACACCC 
3O81 -- -- -- an -- 31 20 

AAGGCTCCGAGGACACCCACACCACGCAGAGGGTAGTCGAAGAAACTCGCCTGTGGG 

F O R L L W D V V R S P S F F E R T P - 

ATTGGTCACCGCTAAACCGCTTCCCAAGGAGACAGACACGGTTGACGTGGACATTCCA 
3121 - + - + - + - + - + -- + 380 

AACCAGTGGACGATTGGCGAAGAGGTTCCTCTGTCTGTGCCAACTGCACCTGTAAGGT 

G H L L N R F S K E t d T W D v D P - 

GACAAACTCCGGTCCCTGCTGAGTACGCCtt TGGACTCCTGGAGGTCAGCCTGGTGGTG 
381 ------------------- 3240 

crgittgaGGCCAGGGACGACACAGCGGAAACCTGAGGACCTCCAGCGGACCACCAC 
O K L R S L L. M. Y. A F G L E W S W V - 

GCAGTGGCTACCCCACTGGCCACTGTGGCCATCCTGCCACTGTTTCTCCTCTACGCTGGG 
3241 - + --- - - - + -a - - -- 3300 

CGTCACCGATGGGGTGACCGGTGACACCGGAGGACGGTGACAAAGAGGAGATGCGACCC 

A W A T P L A T W A P L. F Y A G - 

TCAGAGCCTGTAGTGGTAGCTCATGCCAGCGAGACGCTTGGAGTCAGCCAGCTAC 
330t - + - + - +--- + - + - + 3360 

AAAGCTCGGACATACACCAATCGAGTACGGTCGACTCGCGAACCTCAGTCGGTCGATG 

F O S - Y W W S S C O L R R L E S A S Y 

TCGCTGTCTG CCCCACATGGCTGAGACGTCCAGGGCAGCACAGTGGTCCGGGCAt C 
3361 - + - + - + - + - + - + 342O 

AGCAGACAGACGAGGGTGTACCGACTCTGCAAGGTCCCGTCGTGTCACCAGGCCCGTAAG 

Figure 15H 
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S S W C S H M A E T F O G S T V V R A F 

CGAACCCAGGCCCCTCTTGTGGCTCAGAACAATGCTCGCGTAGATGAAAGCCAGAGGATC 
3421 -------- + --------- ---------- ----------- ----------- ------------- 3480 

GCTTGGGTCCGGGGAGAACACCGAGTCTTGTTACGAGCGCATCTACT TTCGGTCTCCTAG 

R. T. O. A P L V A O N N A R V D E S O R 

AGTTTCCCGCGACTGGTGGCTGACAGGTGGCTTGCGGCCAATGTGGAGCTCCTGGGGAAT 
348 +------------------------------------------ + 3540 

TCAAAGGGCGCTGACCACCGACGTCCACCGAACGCCGGTTACACCCGAGGACCCCA 

S F P R L V A D R W L A A N V E L L G N - 

GGCCTGGTGT TGCAGCTGCCACGTGTGCTGTGCTGAGCAAAGCCCACCCAGTGCTGGC 
3541 ------------------- 36OO 

CCGGACCACAAACGTCGACGGTGCACACGACACGACTCGTTCGGGTGGAGTCACGACCG 

G - V F A A A T C A V L S K A H L S A G - 

CTCGTGGGCTTCTCTGTCTCTGCTGCCCTCCAGGTGACCCAGGCACTGCAGTGGGTTGTT 
36O1 -- --- -- -- 3660 

GAGCACCCGAAGAGACAGAGACGACGGGAGGTCCACTGGGTCCGTGACGTCACCCAACAA 
+-- + 

L V G F S V S A A L. O. W. T. O. A O. W. V V - 

CGCAACTGGACAGACCTAGAGAACAGCATCGTGTCAGTGGAGCGGATGCAGGACTATGCC 
3661 - + - + - + - +--- + - + 3720 

GCGTTGACCTGTCTGGATCTCTTGTCGTAGCACAGTCACCTCGCCTACGTCCTGATACGG 

R N W T D L E N S V S V E R M. O. D Y A - 

TGGACGCCCAAGGAGGCTCCCTGGAGGCTGCCCACAGTGCAGCTCAGCCCCCCTGGCCT 
372 ------------------- 378O 

ACCTGCGGGTTCCTCCGAGGGACCTCCGACGGGTGTACACGTCGAGTCGGGGGGACCGGA 

W T P K E A P W R L. P T C A A O P P W P - 

CAGGGCGGGCAGATCGAGT CCGGGACTTTGGGCTAAGAACCGACCTGAGCTCCCGCTG 
3781 

GTCCCGCCCGTCTAGCTCAAGGCCCTGAAACCCGATTCTATGGCTGGACTCGAGGGCGAC 
--------------------------------------- + 3840 

O G G O E F. R D F G L R Y R P E P 

Figure 15 
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GCTGTGCAGGGCGTGTCCCTCAAGACCACGCAGGAGAGAAGGTGGGCATCGGGCAGG 
3841 ----------------- --------------------------- ----------- + 3900 

CGACACGTCCCGCACAGGGAGTTCTAGGTGCGTCCTCTCTTCCACCCGTAGCAACCGTCC 

a A W O G V S L K H A G E K W G W G R - 

ACCGGGGCAGGGAAGTCCTCCCTGGCCAGTGGGCTGCTGCGGCTCCAGGAGGCAGCTGAG 
390 ------------------------------------------------------ - 396O 

TGGCCCCGTCCCTTCAGGAGGGACCGGTCACCCGACG ACGCCGAG GTCCTCCGTCGACTC 

2 T G A G K S S L A S G L L R L. O. E A A E - 

GGTGGGACTGGATCGACGGGGCCCCA TGCCCACGTGGGGCTGCACACACTGCGCTCC 
3961 - + - + - + - + - + - + 4020 

CCACCCTAGACCTAGCTGCCCCAGGGGTAACGGGTGCACCCCGACGTGTGTGACGCGAGG 

3. G G W D G V P A H v G L H T L R S - 

AGGATCAGCATCATCCCCCAGGACCCCACCGTTCCCTGGCTCTCTGCGGATGAACCTC 
4O21 -- -- --- s r 4O8O 

TCCTAGCGTAGTAGGGGGTCCTGGGGTAGGACAAGGGACCGAGAGACGCCTACTTGGAG 
-- 

a R S P O D P F P G S L R M. N. L. - 

GACCTGCTGCAGGAGCACTCGGACGAGGCTATCTGGGCAGCCCTGGAGACGGTGCAGCTC 
4081 - +------------- + 4140 

CTGGACGACGTCCTCGTGAGCCTGCTCCGATAGACCCGTCGGGACCTCTGCCACGTCGAG 

a D L L o E H S D E A t w A A L E tv o L - 

AAAGCCTGGTGGCCAGCCTGCCCGGCCAGCTGCAGTACAAGTGTGCTGACCGAGGCGAG 
4141 ------------------ 42OO 

TCGGAACCACCGGCGGACGGGCCGGTCGACGTCATGTCACACGACTGGCTCCGCTC 

3. K. A. L. V. A S L P G O L O Y K C A D R G E - 

GACCTGAGCGTGGGCCAGAAACAGCCCTGTGTCTGGCACGGCCCTTCTCCGGAAGACC 
420 - + - + - + - + - + - + 4260 

CTGGACTCGCACCCGGTCTTTGTCGAGGACACAGACCGTGCACGGGAAGAGGCCTTCTGG 

3. D L S W G O K O L L C - A R A L L R K 

Figure 15J 
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CAGATCCTCATCCTGGACGAGGCTACTGCTGCCGTGGACCCTGGCACGGAGCTGCAGATG 
4261 ----------------- --------------------------------- ----------- + 432O 

GTCAGGAGTAGGACCTGCTCCGATGACGACGGCACCTGGGACCGTGCCTCGACGTCTAC 

O D E A T A A V D P G T E L O M 

CAGGCCATGCTCGGGAGCTGGTTTGCACAGTGCACTGTGCTGCTCATTGCCCACCGCCTG 
4321 +------------------------------------ + 438O 

GTCCGGTACGAGCCCTCGACCAAACGTGTCACGTGACACGACGAGTAACGGGTGGCGGAC 

O. A M L G S W F. A O C T V . . . . A H R L - 

CGCTCCGTGATGGACGTGCCCGGGTTCTGGTCATGGACAAGGGGCAGGTGGCAGAGAGC 
4381 - + - + - + - + -a- + - + 4440 

GCGAGGCACTACCTGACACGGGCCCAAGACCAGTACCTGTTCCCCGTCCACCGTCTCTCG 

R S v M D C A R v L. v M D K G O v A E S - 

GGCAGCCCGGCCCAGCTGCTGGCCCAGAAGGGCCTGTTTTACAGACTGGCCCAGGAGTCA 
4441 - + -- + - + - + -- + - + 4500 

CCGTCGGGCCGGGTCGACGACCGGGTCTCCCGGACAAAAGTCTGACCGGGTCCTCAGT 

G S P A o L L A o K G - F Y R L A o E S - 

GGCCTGGCTGA 
45O1 -- - 4512 

CCGGACCAGACT 

G L V - 

Figure 15K 
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1. 

MRP-RELATED ABC TRANSPORTER 
ENCOOING NUCLEC ACDS AND 
METHODS OF USE THEREOF 

This application is a divisional application of U.S. appli 
cation 09/647,140, filed Sep. 27, 2000, now U.S. Pat. 
6,803,184, which is a U.S. National Phase of PCT/US99/ 
06644, filed Mar. 26, 1999, which in turn claims priority to 
U.S. Provisional Applications, 60/095,153, filed Aug. 3, 
1998, and Ser. No. 60/079,759, filed Mar. 27, 1998. 

Pursuant to 35 U.S.C. S.202(c) it is acknowledged that the 
U.S. Government has certain rights in the invention 
described herein, which was made in part with funds from 
the National Institutes of Health, Grant Numbers, CA631 73 
and CAO6927. 

FIELD OF THE INVENTION 

The present invention relates to the fields of medicine and 
molecular biology. More specifically, the invention provides 
nucleic acid molecules and proteins encoded thereby which 
are involved in the development of resistance to pharmaco 
logical and chemotherapeutic agents in tumor cells. 

BACKGROUND OF THE INVENTION 

Several publications are referenced in this application in 
parentheses in order to more fully describe the state of the 
art to which this invention pertains. The disclosure of each 
of these publications is incorporated by reference herein. 

P-glycoprotein, the product of the MDR1 gene, was the 
first ABC transporter shown to confer resistance to cytotoxic 
agents. Pgp functions as an ATP-dependent efflux pump that 
reduces the intracellular concentration of a variety of che 
motherapeutic agents by transporting them across the 
plasma membrane (1). The multidrug resistance phenotype 
associated with overexpression of Pgp is of considerable 
clinical interest because natural product drugs are second 
only to alkylating agents in clinical utility, and many effec 
tive chemotherapeutic regimens contain more than one 
natural product agent. More recently, we and others have 
reported transfection studies indicating that MRP, another 
ABC family transporter, confers a multidrug resistance 
phenotype that includes many natural product drugs, but is 
distinct from the resistance phenotype associated with Pgp 
(2-6). MRP shares only limited amino acid identity with 
Pgp, and this is reflected in the different substrate specifici 
ties of the two transporters. In contrast to Pgp, MRP can 
transport a wide range of anionic organic conjugates, includ 
ing glutathione S-conjugates (7). In addition to Pgp and 
MRP there may be other transporters that are involved in 
cytotoxic drug resistance. In the case of natural product 
drugs, resistant cell lines have been described that display a 
multidrug resistant phenotype associated with a drug accu 
mulation deficit, but do not overexpress Pgp or MRP (8). 
ABC transporters have also been linked to cisplatin resis 
tance, and several lines of evidence Suggest the possibility 
that pumps specific for organic anions may be involved: 1) 
decreased cisplatin accumulation is consistently observed in 
cisplatin resistant cell lines (9); 2) cisplatin is conjugated to 
glutathione in the cell, and this anionic conjugate is toxic in 
an in vitro biochemical assay (10); and 3) biochemical 
studies using membrane vesicle preparations have shown 
that cisplatin resistant cells lines have enhanced expression 
of an ATP-dependent transporter of CDDP-glutathione and 
other glutathione S-conjugates such as the cystinyl leukot 
riene LTC (11, 12). These data thus suggest that an organic 
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anion transporter may contribute to cisplatin resistance by 
exporting CDDP-glutathione. While MRP is an organic 
anion transporter, the reported drug resistance profile of 
MRP-transfected cells does not extend to this agent (5, 6), 
and to date only one cisplatin resistant cell line has been 
reported to overexpress MRP (13). This suggests that 
organic anion transporters other than MRP may contribute to 
cisplatin resistance. Consistent with this possibility, the 
canalicular multispecific organic anion transporter, cMOAT, 
an MRP-related transporter that functions as the major 
organic anion transporter in liver, has been reported to be 
overexpressed in cisplatin resistant cell lines (14, 15). A 
more direct link between cMOAT and cytotoxic drug resis 
tance is suggested by a recent report in which transfection of 
a cMOAT antisense construct into a liver cancer cell line 
resulted in sensitization to cisplatin, daunorubicin and other 
cytotoxic agents (16). 

Clearly, a need exists for identifying the essential com 
ponents and mechanisms giving rise to drug resistance and 
the transport of anticancer agents out of the tumor cell. The 
elucidation of these mechanisms may be used to advantage 
for the design of efficacious chemotherapeutic agents. 

SUMMARY OF THE INVENTION 

This invention provides novel, biological molecules use 
ful for identification, detection, and/or molecular character 
ization of components involved in the acquisition of drug 
resistance in tumor cells. According to one aspect of the 
invention, an isolated nucleic acid molecule is provided 
which includes a sequence encoding a protein transporter of 
a size between about 1300 and 1350 amino acids in length. 
The encoded protein, referred to herein as MOAT-B, com 
prises a multi-domain structure including a tandem repeat of 
nucleotide binding folds appended C-terminal to a hydro 
phobic domain that contains several potential membrane 
spanning helices. Conserved Walker A and B ATP binding 
sites are present in each of the nucleotide binding folds. 

In a preferred embodiment of the invention, an isolated 
nucleic acid molecule is provided that includes a cDNA 
encoding a human MOAT-B protein. In a particularly pre 
ferred embodiment, the human MOAT-B protein has an 
amino acid sequence the same as Sequence I.D. No. 2. An 
exemplary MOAT-B nucleic acid molecule of the invention 
comprises Sequence I.D. No. 1. 

According to another aspect of the invention, a second 
isolated nucleic acid molecule is provided which includes a 
sequence encoding a transporter between about 1400 and 
1450 amino acids. The encoded protein, referred to herein as 
MOAT-C contains a multi-domain structure including a 
tandem repeat of nucleotide binding folds appended C-ter 
minal to a hydrophobic domain that contains several poten 
tial membrane spanning helices. Conserved Walker A and B 
ATP binding sites are present in each of the nucleotide 
binding folds. While similar in structure to MOAT-B 
described above, MOAT-C contains distinct sequence dif 
ferences. 

In a preferred embodiment of the invention, an isolated 
nucleic acid molecule is provided that includes a cDNA 
encoding a human MOAT-C protein. In a particularly pre 
ferred embodiment, the human MOAT-C protein has an 
amino acid sequence the same as Sequence I.D. No. 4. An 
exemplary MOAT-C nucleic acid molecule of the invention 
comprises Sequence I.D. No. 3. 

According to yet another aspect of the invention, an 
isolated nucleic acid molecule is provided which includes a 
sequence encoding a protein of a size between about 1500 
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and 1550 amino acids in length. The encoded protein, 
referred to herein as MOAT-D, contains a multidomain 
structure including an N-terminal hydrophobic extension 
which harbors five transmembrane spanning helices. 

In a preferred embodiment of the invention, an isolated 
nucleic acid molecule is provided that includes a cDNA 
encoding a MOAT-D protein. In a particularly preferred 
embodiment, the human MOAT-D protein has an amino acid 
sequence the same as Sequence I.D. No. 6. An exemplary 
MOAT-D nucleic acid molecule of the invention comprises 
Sequence I.D. No. 5. 

According to yet another aspect of the invention, an 
isolated nucleic acid molecule is provided which includes a 
sequence encoding a protein of a size between about 1480 
and 1530 amino acids in length. The encoded protein, 
referred to herein as MOAT-E, contains a multidomain 
structure including an N-terminal hydrophobic extension 
which harbors several transmembrane spanning helices. 
While similar in structure to MOAT-D described above, 
MOAT-E contains distinct sequence differences. 

In a preferred embodiment of the invention, an isolated 
nucleic acid molecule is provided that includes a cDNA 
encoding a MOAT-E protein. In a particularly preferred 
embodiment, the human MOAT-E protein has an amino acid 
sequence the same as Sequence I.D. No. 8. An exemplary 
MOAT-E nucleic acid molecule of the invention comprises 
Sequence I.D. No. 7. 

According to another aspect of the present invention, an 
isolated nucleic acid molecule is provided, which has a 
sequence selected from the group consisting of: (1) 
Sequence I.D. No. 1; (2) a sequence specifically hybridizing 
with preselected portions or all of the complementary strand 
of Sequence I.D. No. 1 comprising nucleic acids encoding 
amino acids 1-1154 of Sequence ID No. 2; (3) a sequence 
encoding preselected portions of Sequence I.D. No. 1 within 
nucleotides 1-34.62, (4) Sequence I.D. No. 3; (5) a sequence 
specifically hybridizing with preselected portions or all of 
the complementary strand of Sequence I.D. No. 3 compris 
ing nucleic acids encoding amino acids 1-442 of Sequence 
ID No. 4; (6) a sequence encoding preselected portions of 
Sequence I.D. No. 3 within nucleotides 1-1326, (7) 
Sequence I.D. No. 5; (8) a sequence specifically hybridizing 
with preselected portions or all of the complementary strand 
of Sequence I.D. No. 5 comprising nucleic acids encoding 
amino acids 1-1036 of Sequence ID No. 6; (9) a sequence 
encoding preselected portions of Sequence I.D. No. 5 within 
nucleotides 1-3 108, (1) Sequence I.D. No. 7; (2) a sequence 
specifically hybridizing with preselected portions or all of 
the complementary strand of Sequence I.D. No. 7 compris 
ing nucleic acids encoding amino acids 1-998 of Sequence 
ID No. 8; (3) a sequence encoding preselected portions of 
Sequence I.D. No. 7 within nucleotides 1-300. 

Such partial sequences are useful as probes to identify and 
isolate homologues of the MOAT genes of the invention. 
Additionally, isolated nucleic acid sequences encoding natu 
ral allelic variants of the nucleic acids of Sequence I.D. Nos. 
1, 3, 5 and 7 are also contemplated to be within the scope of 
the present invention. The term natural allelic variants will 
be defined hereinbelow. 

According to another aspect of the present invention, 
antibodies immunologically specific for the human MOAT 
proteins described hereinabove are provided. 

In yet another aspect of the invention, host cells compris 
ing at least one of the MOAT encoding nucleic acids are 
provided. Such host cells include but are not limited to 
bacterial cells, fungal cells, insect cells, mammalian cells, 
and plant cells. Host cells overexpressing one or more of the 
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MOAT encoding nucleic acids of the invention provide 
valuable research tools for assessing transport of chemo 
therapeutic agents out of cells. MOAT expressing cells also 
comprise a biological system useful in methods for identi 
fying inhibitors of the MOAT transporters. 

Another embodiment of the present invention encom 
passes methods for Screening cells expressing MOAT encod 
ing nucleic acids for chemotherapy resistance. Such meth 
ods will provide the clinician with data which correlates 
expression of a particular MOAT genes with a particular 
chemotherapy resistant phenotype. 

Diagnostic methods are also contemplated in the present 
invention. Accordingly, Suitable oligonucleotide probes are 
provided which hybridize to the nucleic acids of the inven 
tion. Such probes may be used to advantage in screening 
biopsy samples for the expression of particular MOAT 
genes. Once a tumor sample has been characterized as to the 
MOAT gene(s) expressed therein, inhibitors identified in the 
cell line Screening methods described above may be admin 
istered to prevent efflux of the beneficial chemotherapeutic 
agents from cancer cells. 
The methods of the invention may be applied to kits. An 

exemplary kit of the invention comprises MOAT gene 
specific oligonucleotide probes and/or primers, MOAT 
encoding DNA molecules for use as a positive control, 
buffers, and an instruction sheet. A kit for practicing the cell 
line screening method includes frozen cells comprising the 
MOAT genes of the invention, suitable culture media, buff 
ers and an instruction sheet. 

In a further aspect of the invention, transgenic knockout 
mice are disclosed. Mice will be generated in which at least 
one MOAT gene has been knocked out. Such mice will 
provide a valuable in biological system for assessing resis 
tance to chemotherapy in an in vivo tumor model. 

Various terms relating to the biological molecules of the 
present invention are used hereinabove and also throughout 
the specification and claims. The terms “percent similarity” 
and “percent identity (identical)' are used as set forth in the 
UW GCG Sequence Analysis program (Devereux et al. 
NAR 12:387-397 (1984)). 

With reference to nucleic acids of the invention, the term 
"isolated nucleic acid' is sometimes used. This term, when 
applied to DNA, refers to a DNA molecule that is separated 
from sequences with which it is immediately contiguous (in 
the 5' and 3' directions) in the naturally occurring genome of 
the organism from which it originates. For example, the 
"isolated nucleic acid may comprise a DNA or cDNA 
molecule inserted into a vector. Such as a plasmid or virus 
vector, or integrated into the genomic DNA of a prokaryote 
or eukaryote. 

With respect to RNA molecules of the invention, the term 
"isolated nucleic acid primarily refers to an RNA molecule 
encoded by an isolated DNA molecule as defined above. 
Alternatively, the term may refer to an RNA molecule that 
has been sufficiently separated from RNA molecules with 
which it would be associated in its natural state (i.e., in cells 
or tissues), such that it exists in a “substantially pure' form 
(the term “substantially pure' is defined below). 
With respect to protein, the term "isolated protein' or 

"isolated and purified protein’ is sometimes used herein. 
This term refers primarily to a protein produced by expres 
sion of an isolated nucleic acid molecule of the invention. 
Alternatively, this term may refer to a protein which has 
been sufficiently separated from other proteins with which it 
would naturally be associated, so as to exist in “substantially 
pure' form. 
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The term “substantially pure” refers to a preparation 
comprising at least 50-60% by weight the compound of 
interest (e.g., nucleic acid, oligonucleotide, protein, etc.). 
More preferably, the preparation comprises at least 75% by 
weight, and most preferably 90-99% by weight, the com 
pound of interest. Purity is measured by methods appropri 
ate for the compound of interest (e.g. chromatographic 
methods, agarose or polyacrylamide gel electrophoresis, 
HPLC analysis, and the like). With respect to antibodies of 
the invention, the term “immunologically specific' refers to 
antibodies that bind to one or more epitopes of a protein of 
interest (e.g., MOAT-B, MOAT-C or MOAT-D), but which 
do not substantially recognize and bind other molecules in a 
sample containing a mixed population of antigenic biologi 
cal molecules. 

With respect to nucleic acids and oligonucleotides, the 
term “specifically hybridizing” refers to the association 
between two single-stranded nucleotide molecules of suffi 
ciently complementary sequence to permit such hybridiza 
tion under pre-determined conditions generally used in the 
art (sometimes termed “substantially complementary”). 
When used in reference to a double stranded nucleic acid, 
this term is intended to signify that the double stranded 
nucleic acid has been subjected to denaturing conditions, as 
is well known to those of skill in the art. In particular, the 
term refers to hybridization of an oligonucleotide with a 
Substantially complementary sequence contained within a 
single-stranded DNA or RNA molecule of the invention, to 
the substantial exclusion of hybridization of the oligonucle 
otide with single-stranded nucleic acids of non-complemen 
tary Sequence. 
One common formula for calculating the stringency con 

ditions required to achieve hybridization between nucleic 
acid molecules of a specified sequence homology (Sam 
brook et al., 1989): 

T=81.5° C.--16.6 Log Na++0.41(% G+C)-0.63(% 
formamide)-600, #bp in duplex 

As an illustration of the above formula, using Na+= 
0.368 and 50% formamide, with GC content of 42% and 
an average probe size of 200 bases, the T is 57°C. The T. 
of a DNA duplex decreases by 1-1.5° C. with every 1% 
decrease in homology. Thus, targets with greater than about 
75% sequence identity would be observed using a hybrid 
ization temperature of 42° C. Such sequences would be 
considered Substantially homologous to the nucleic acid 
sequences of the invention. 
The nucleic acids, proteins, antibodies, cell lines, meth 

ods, and kits of the present invention may be used to 
advantage to identify targets for the development of novel 
agents which inhibit the aberrant transport of cytoxic agents 
out of tumor cells. The transgenic mice of the invention may 
be used an in vivo model for chemotherapy resistance. 

The human MOAT molecules methods and kits described 
above may also be used as research tools and will facilitate 
the elucidation of the mechanism by which tumor cells 
acquire a drug resistant phenotype. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B show the predicted structure of 
MOAT-B (SEQ ID NO: 2) and comparison with human 
MRP (SEQID NO: 19). The vertical lines indicate identical 
amino acids and the vertical dots indicate conserved amino 
acids. Gaps are indicated by periods. The overbars indicate 
potential transmembrane spanning segments as predicted by 
the TMAP program. The first and second nucleotide binding 
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folds (NBF 1 and NBF 2) are indicated by horizontal arrows. 
The C-terminal 34 amino acids (residues 1291-1325) are 
replaced in the second class of MOAT-B cDNA clones by 
the following amino acids: ILOKKLSTYWSH (SEQ ID 
NO: 20). The Alignment was performed using the GAP 
program (gap weight 3.0, length weight 0.1) in the Genetics 
Computer Group Package. H. MRP: human MRP. 

FIGS. 2A and 2B depict a comparison of the nucleotide 
binding folds and hydropathy profile of MOAT-B with those 
of other eukaryotic ABC transporters. FIG. 2A shows the 
comparison of the nucleotide binding folds of MOAT-B 
(residues 428 to 577 of SEQ ID NO: 2; residues 1058 to 
1216 of SEQ ID NO: 2). Amino acids that are identical to 
those of MOAT-B are shaded, and gaps are indicated by 
periods. Walker A and B motifs, and the ABC transporter 
family signature sequence C. are underlined. Amino acid 
positions are indicated to the right. Amino acid sequences 
were aligned using the PILEUP program (gap weight 3.0, 
length weight 0.1) in the Genetics Computer Group Pack 
age. FIG. 2B shows a comparison of the MOAT-B hydropa 
thy profile. To facilitate comparison, the proteins are aligned 
so that the N-terminal nucleotide binding folds (NBF) are 
roughly in register. NBF's are indicated by bars. Values 
above and below the horizontal lines indicate hydrophobic 
and hydrophilic regions, respectively. Hydrophobicity plots 
were generated using the Kyte-Doolittle algorithm with a 
window of 7 residues. The transporters shown are: human 
multidrug-associated protein, H. MRP (P33529; residues 
661 to 810 of SEQID NO: 19; residues 1310 to 1469 of SEQ 
ID NO: 19); human multispecific organic anion transporter, 
H. MOAT (U63970, SEQ ID NO. 23: SEQ ID NO. 24); 
Saccharomyces cerevisiae yeast cadmium factor 1, S.YCF1 
(P39109; SEQID NO:21; SEQID NO: 22); rat sulfonylurea 
receptor, R. SUR (Q09427; SEQID NO: 29; SEQ ID NO: 
30); human cystic fibrosis transmembrane conductance 
regulator, H. CFTR (M28668; SEQID NO:25: SEQID NO: 
26); Leishmania P-glycoprotein, L. PgpA (P21441; SEQID 
NO: 27: SEQID NO: 28) and human mdrl gene product, H. 
MDR1 (P08183: SEQ ID NO: 31; SEQ ID NO:32). 
Accession numbers and sequence identifiers for the NBFI 
and NBF II, respectively, are shown in parentheses. 

FIG. 3 is a Northern blot showing the tissue distribution 
of MOAT-B transcript. Membranes containing poly (A)+ 
RNA prepared from human tissues were hybridized with a 
radiolabeled MOAT-B or GAPDH probe. Top panels show 
MOAT-B transcript and bottom panels show the control 
GAPDH transcript. Arrows indicate the position of MOAT-B 
transcript. Prolonged exposure of the film revealed a low 
level signal in liver. 

FIG. 4 shows the chromosomal localization of the gene 
encoding MOAT-B. Human metaphase spreads were hybrid 
ized with a biotin-labeled MOAT-B cDNA probe and 
detected by FITC-conjugated avidin. Hybridization signals 
at chromosome 13q32 in two metaphase spreads are indi 
cated by arrows. The inset shows paired hybridization 
signals at band q32 of chromosome 13 from three other 
metaphase spreads. 

FIGS. 5A and 5B show the predicted structures of 
MOAT-C and MOAT-D. FIG. 5A presents the structure of 
MOAT-C (SEQ ID NO: 4). FIG. 5B shows the structure of 
MOAT-D (SEQ ID NO: 33). Numbered overbars indicate 
potential transmembrane spanning helices. Horizontal 
arrows indicate the positions of the amino terminal (NBF1) 
and C-terminal (NBF2) nucleotide binding folds. Walker A 
and B motifs, and the ABC transporter family signature 
sequence C are underlined. Bullets indicate the positions of 
potential N-linked glycosylation sites that are conserved 
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with previously reported N-glycosylation sites in MRP. The 
indicated MOAT-C transmembrane spanning helices were 
predicted using the TMAP program and an input alignment 
of MOAT-B and MOATC. The indicated MOAT-D trans 
membrane helices are based upon inspection of an alignment 
with MRP. 

FIGS. 6A and 6B show a comparison of the nucleotide 
binding folds and hydropathy profiles of MOAT-C (residues 
578 to 727 of SEQID NO: 4; residues 1210 to 1369 of SEQ 
ID NO: 4) and MOAT-D (residues 644 to 793 of SEQ ID 
NO: 6; residues 1306 to 1465 of SEQID NO: 6) with those 
of other related ABC transporters including MOAT-B (resi 
dues 428 to 577 of SEQID NO: 2; residues 1058 to 1216 of 
SEQ ID NO: 2). FIG. 6A depicts the comparison of the 
nucleotide binding folds. The alignment was produced using 
the PILEUP command (gap weight 3.0, length weight 0.1) in 
the Genetics Computer Group Package Version 9.1. Amino 
acid positions conserved in at least 4 of the 8 proteins are 
shaded. Periods indicate gaps in the alignment. Walker A and 
B, and the ABC transporter family signature sequence C are 
indicated by underbars. FIG. 6B shows the comparison of 
hydropathy profiles. To facilitate comparisons, gaps were 
introduced at the N-termini of some proteins in order to 
bring the first nucleotide binding folds into register. Nucle 
otide binding folds are indicated by bars. Values above and 
below the horizontal lines indicate hydrophobic and hydro 
philic regions, respectively. Hydrophobicity plots were gen 
erated using the Kyte-Doolittle algorithm with a window of 
7 residues. Accession numbers are as follows: MRP, P33529 
(residues 661 to 810 of SEQ ID NO: 19; residues 1310 to 
1469 of SEQID NO:19); cMOAT, U63970 SEQID NO. 23; 
SEQID NO. 24); SUR, Q09428 (SEQID NO: 29, SEQID 
NO:30); CFTR, P-13569 (SEQ ID NO: 25; SEQ ID NO: 
26); MDR1, P08183 (SEQ ID NO:31: SEQ ID NO:32) 

FIG. 7 is a Northern blot showing the tissue distribution 
of MOAT-C and MOAT-D transcripts. Blots containing poly 
A+RNA prepared from various human tissues were hybrid 
ized with MOATC, MOAT-D and actin probes. Arrows 
indicate the position of the MOAT-C (top panel) and 
MOAT-D (middle panel) transcripts. The bottom panel 
shows the control actin transcript. 

FIGS. 8A and 8B show the chromosomal localization of 
the MOAT-C and MOAT-D genes. Human metaphase 
spreads were hybridized with a biotin-labeled MOAT-C and 
MOAT-D cDNA probes and detected by FITC-conjugated 
avidin. FIG. 8A shows the localization of MOAT-C. Hybrid 
ization signals at chromosome 3q27 in two metaphase 
spreads are indicated by arrows (top). The inset shows 
paired hybridization signals at band q27 of chromosome 3 
from three other metaphase spreads. FIG. 8B shows the 
localization of MOAT-D. Hybridization signals at chromo 
Some 17q21-22 in two metaphase spreads are indicated by 
arrows (top). The inset shows paired hybridization signals at 
band q21-22 of chromosome 17 from three other metaphase 
spreads. 

FIG. 9 shows predicted amino acid sequence of MOATE 
(SEQID NO:8). Also shown are the location of the potential 
transmembrane helices (overbars), the potential glycosy 
lation site (black dot) and the two nucleotide binding folds 
(NBF1 and NBF2). Walker A and B motifs, as well as the 
signature C motif of ABC transporters, are also indicated. 

FIG. 10 shows a comparison of the hydropathy profile of 
MOAT-E with other members of the MRP-cMOAT Subfam 
ily. The profile reveals that MOAT-E has a hydrophobic 
N-terminal segment which is absent in MOAT-B and 
MOAT-C 
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FIG. 11 is a RNA blot which reveals that MOAT-E is 

expressed only in the liver and the kidney, Suggesting that 
MOAT-E may participate in the excretion of substances into 
urine and bile. The lower panel shows hybridization of an 
actin probe to assess RNA loading. 

FIGS. 12A-12J show the cDNA (SEQ ID NO: 1) and 
amino acid sequences (SEQID NO: 2)encoded by MOATB. 

FIGS. 13 A-13K show the cDNA (SEQ ID NO: 3) and 
amino acid sequences (SEQID NO: 4) encoded by MOATC. 

FIGS. 14A-14K show the cDNA (SEQ ID NO: 5) and 
amino acid sequences (SEQID NO: 6) encoded by MOATD. 

FIGS. 15A-15K show the cDNA (SEQ ID NO: 7) and 
amino acid sequences (SEQID NO: 8) encoded by MOATE. 

DETAILED DESCRIPTION OF THE 
INVENTION 

MRP and cMOAT are closely related mammalian ABC 
transporters that export organic anions from cells. Transfec 
tion studies have established that MRP confers resistance to 
natural product cytotoxic agents, and recent evidence Sug 
gests the possibility that cMOAT may contribute to cyto 
toxic drug resistance as well. Based upon the potential 
importance of these transporters in clinical drug resistance, 
and their important physiological roles in the export of the 
amphiphilic products of phase I and phase II metabolism, we 
sought to identify other MRP-related transporters. Using a 
degenerate PCR approach, a cDNA molecule was isolated 
which encodes a novel ABC transporter designated herein as 
MOAT-B. The MOAT-B gene was mapped using fluores 
cence in situ hybridization to chromosome band 13.q.32. 
Comparison of the MOAT-B predicted protein with other 
transporters revealed that it is most closely related to MRP. 
cMOAT, and the yeast organic anion transporter YCF1. 
While MOAT-B is closely related to these transporters, it is 
distinguished by the absence of approximately 200 amino 
acid N-terminal hydrophobic extension that is present in 
MRP and cMOAT, and which is predicted to encode several 
transmembrane spanning segments. In addition, the 
MOAT-B tissue distribution is distinct from MRP and 
cMOAT. In contrast to MRP, which is widely expressed in 
most tissues, including liver, and cMOAT, whose expression 
is largely restricted to liver, the MOAT-B transcript is widely 
expressed, with particularly high levels in prostate, but is 
barely detectable in liver. These data indicate that MOAT-B 
is a ubiquitously expressed transporter that is closely related 
to MRP and cMOAT, and indicate that it is an organic anion 
pump relevant to cellular detoxification. 

Three additional MRP/cMOAT-related transporters, 
MOATC, MOAT-D and MOAT-E are also disclosed herein. 
MOAT-C encodes a 1437 amino acid protein that is most 
closely related to MRP, cMOAT and MOAT-B, among 
eukaryotic transporters (33% -37% identity). However, 
based upon amino acid identity, MOAT-C is considerably 
less related to MRP and cMOAT than the latter transporters 
are to each other (48% identity). In addition, the MOAT-C 
topology is distinct from that of MRP and cMOAT in that it, 
like MOAT-B, lacks an N-terminal transmembrane spanning 
domain. MOAT-D encodes a 1530 amino acid transporter 
that is highly related to MRP (57% identity) and cMOAT 
(47% identity). MOAT-E encodes 1503 amino acid trans 
porter that is highly related to MOAT-D, MRP and cMOAT 
(39-45% identity). The topology of MOAT-D and MOAT-E 
are quite similar to MRP and cMOAT, in that they have an 
N-terminal hydrophobic extension that is predicted to harbor 
five transmembrane spanning helices. MOAT-C and 
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MOAT-D were mapped to chromosome bands 3q27 and 
17q21-22, respectively, by fluorescence in situ hybridiza 
tion. 

The expression patterns of MOATC, MOAT-D and 
MOAT-E are distinct from those of MRP, cMOAT and 
MOAT-B. MOAT-C transcript is widely expressed, with 
highest levels in skeletal muscle, kidney and testis, but is 
expressed at barely detectable levels in liver and lung. 
MOAT-D transcript has a more restricted expression pattern, 
with high levels in colon, pancreas, liver and kidney. Data 
presented herein reveal that MOAT-E expression is 
restricted to liver and kidney. 

Based upon degree of amino acid identity, and protein 
topology, the MRP-related transporters fall into two groups, 
with the first group consisting of MRP, cMOAT, MOAT-D 
and MOAT-E, and the second group consisting of MOAT-B 
and MOATC. The isolation of MOATC, MOAT-D and 
MOAT-E thus helps to define the MRP/cMOAT subfamily. 
The high degree of amino acid identity and topological 
similarity of MOAT-D and MOAT-E to MRP and cMOAT 
Suggest that they function as organic anion transporters, and 
play a role in cytotoxic drug resistance. In contrast, the lower 
degree of amino acid identify and distinct topology of 
MOAT-B and MOAT-C suggest the possibility that their 
Substrate specificities and functions may be distinct from 
that of MRP, cMOAT, MOAT-D and MOAT-E. 

The compositions, methods, kits and transgenic mice of 
the invention disclosed herein will facilitate the identifica 
tion of drugs that cripple the ability of MOAT genes and 
proteins encoded thereby to effect the efflux of clinically 
beneficial pharmacological agents in malignant cells. 
I. Preparation of MOAT-Encoding Nucleic Acid Molecules, 
MOAT Proteins, and Antibodies Thereto 
A. Nucleic Acid Molecules 
Nucleic acid molecules encoding the MOAT proteins of 

the invention may be prepared by two general methods: (1) 
synthesis from appropriate nucleotide triphosphates, or (2) 
isolation from biological sources. Both methods utilize 
protocols well known in the art. The availability of nucle 
otide sequence information, such as cDNAS having 
Sequence I.D. Nos. 1, 3, 5, or 7 enables preparation of an 
isolated nucleic acid molecule of the invention by oligo 
nucleotide synthesis. Synthetic oligonucleotides may be 
prepared by the phosphoramidite method employed in the 
Applied Biosystems 38A DNA Synthesizer or similar 
devices. The resultant construct may be purified according to 
methods known in the art, Such as high performance liquid 
chromatography (HPLC). Long, double-stranded polynucle 
otides, such as a DNA molecule of the present invention, 
must be synthesized in stages, due to the size limitations 
inherent in current oligonucleotide synthetic methods. Thus, 
for example, a 5 kb double-stranded molecule may be 
synthesized as several Smaller segments of appropriate 
complementarity. Complementary segments thus produced 
may be annealed Such that each segment possesses appro 
priate cohesive termini for attachment of an adjacent seg 
ment. Adjacent segments may be ligated by annealing cohe 
sive termini in the presence of DNA ligase to construct an 
entire 5 kb double-stranded molecule. A synthetic DNA 
molecule so constructed may then be cloned and amplified 
in an appropriate vector. 

Nucleic acid sequences encoding the MOAT proteins of 
the invention may be isolated from appropriate biological 
Sources using methods known in the art. In a preferred 
embodiment, a cDNA clone is isolated from a cDNA expres 
sion library of human origin. In an alternative embodiment, 
utilizing the sequence information provided by the cDNA 
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sequence, human genomic clones encoding MOAT proteins 
may be isolated. Alternatively, cDNA or genomic clones 
having homology with MOAT-B, MOAT-C, MOAT-D or 
MOAT-E may be isolated from other species using oligo 
nucleotide probes corresponding to predetermined 
sequences within the MOAT encoding nucleic acids. 

In accordance with the present invention, nucleic acids 
having the appropriate level of sequence homology with the 
protein coding region of Sequence I.D. Nos. 1, 3, 5, and 7 
may be identified by using hybridization and washing con 
ditions of appropriate stringency. For example, hybridiza 
tions may be performed, according to the method of Sam 
brook et al., (Supra) using a hybridization solution 
comprising: 5xSSC, 5x Denhardt’s reagent, 1.0% SDS, 100 
ug/ml denatured, fragmented salmon sperm DNA, 0.05% 
sodium pyrophosphate and up to 50% formamide. Hybrid 
ization is carried out at 37-42° C. for at least six hours. 
Following hybridization, filters are washed as follows: (1) 5 
minutes at room temperature in 2xSSC and 1% SDS; (2) 15 
minutes at room temperature in 2xSSC and 0.1% SDS; (3) 
30 minutes-1 hour at 37° C. in 1xSSC and 1% SDS; (4) 2 
hours at 42-65 in 1xSSC and 1% SDS, changing the 
solution every 30 minutes. 

Nucleic acids of the present invention may be maintained 
as DNA in any convenient cloning vector. In a preferred 
embodiment, clones are maintained in a plasmid cloning/ 
expression vector, such as pBluescript (Stratagene, La Jolla, 
Calif.), which is propagated in a suitable E. coli host cell. 
MOAT-encoding nucleic acid molecules of the invention 

include cDNA, genomic DNA, RNA, and fragments thereof 
which may be single-or double-stranded. Thus, this inven 
tion provides oligonucleotides (sense or antisense strands of 
DNA or RNA) having sequences capable of hybridizing 
with at least one sequence of a nucleic acid molecule of the 
present invention, Such as selected segments of the cDNA 
having Sequence I.D. No. 1. Such oligonucleotides are 
useful as probes for detecting or isolating MOAT genes. 
Antisense nucleic acid molecules may be targeted to trans 
lation initiation sites and/or splice sites to inhibit the trans 
lation of the MOAT-encoding nucleic acids of the invention. 
Such antisense molecules are typically between 15 and 30 
nucleotides and length and often span the translational start 
site of MOAT encoding mRNA molecules. 

It will be appreciated by persons skilled in the art that 
variants of these sequences exist in the human population, 
and must be taken into account when designing and/or 
utilizing oligos of the invention. Accordingly, it is within the 
Scope of the present invention to encompass Such variants, 
with respect to the MOAT sequences disclosed herein or the 
oligos targeted to specific locations on the respective genes 
or RNA transcripts. With respect to the inclusion of such 
variants, the term “natural allelic variants' is used herein to 
refer to various specific nucleotide sequences and variants 
thereof that would occur in a human population. The usage 
of different wobble codons and genetic polymorphisms 
which give rise to conservative or neutral amino acid 
Substitutions in the encoded protein are examples of Such 
variants. Additionally, the term “substantially complemen 
tary refers to oligo sequences that may not be perfectly 
matched to a target sequence, but the mismatches do not 
materially affect the ability of the oligo to hybridize with its 
target sequence under the conditions described. 

B. Proteins 
Full-length MOAT-B, MOATC, MOAT-D and MOAT-E 

proteins of the present invention may be prepared in a 
variety of ways, according to known methods. The proteins 
may be purified from appropriate sources, e.g., transformed 
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bacterial or animal cultured cells or tissues, by immunoaf 
finity purification. However, this is not a preferred method 
due to the low amount of protein likely to be present in a 
given cell type at any time. The availability of nucleic acid 
molecules encoding MOAT proteins enables production of 
the proteins using in vitro expression methods known in the 
art. For example, a cDNA or gene may be cloned into an 
appropriate in vitro transcription vector, Such as pSP64 or 
pSP65 for in vitro transcription, followed by cell-free trans 
lation in a suitable cell-free translation system, such as 
wheat germ or rabbit reticulocytes. In vitro transcription and 
translation systems are commercially available, e.g., from 
Promega Biotech, Madison, Wis. or Gibco-BRL, Gaithers 
burg, Md. 

Alternatively, according to a preferred embodiment, 
larger quantities of MOAT proteins may be produced by 
expression in a suitable prokaryotic or eukaryotic system. 
For example, part or all of a DNA molecule, such as a cDNA 
having Sequence I.D. No. 1, 3, 5 or 7 may be inserted into 
a plasmid vector adapted for expression in a bacterial cell, 
Such as E. coli. Such vectors comprise the regulatory ele 
ments necessary for expression of the DNA in the host cell 
positioned in Such a manner as to permit expression of the 
DNA in the host cell. Such regulatory elements required for 
expression include promoter sequences, transcription initia 
tion sequences and, optionally, enhancer sequences. 

The human MOAT proteins produced by gene expression 
in a recombinant procaryotic or eukaryotic system may be 
purified according to methods known in the art. In a pre 
ferred embodiment, a commercially available expression/ 
secretion system can be used, whereby the recombinant 
protein is expressed and thereafter secreted from the host 
cell, to be easily purified from the surrounding medium. If 
expression/secretion vectors are not used, an alternative 
approach involves purifying the recombinant protein by 
affinity separation, such as by immunological interaction 
with antibodies that bind specifically to the recombinant 
protein or nickel columns for isolation of recombinant 
proteins tagged with 6-8 histidine residues at their N-termi 
nus or C-terminus. Alternative tags may comprise the FLAG 
epitope or the hemagglutinin epitope. Such methods are 
commonly used by skilled practitioners. 
The human MOAT proteins of the invention, prepared by 

the aforementioned methods, may be analyzed according to 
standard procedures. For example, Such proteins may be 
Subjected to amino acid sequence analysis, according to 
known methods. 
The present invention also provides antibodies capable of 

immunospecifically binding to proteins of the invention. 
Polyclonal antibodies directed toward human MOAT pro 
teins may be prepared according to standard methods. In a 
preferred embodiment, monoclonal antibodies are prepared, 
which react immunospecifically with the various epitopes of 
the MOAT proteins described herein. Monoclonal antibodies 
may be prepared according to general methods of Kohler 
and Milstein, following standard protocols. Polyclonal or 
monoclonal antibodies that immunospecifically interact with 
MOAT proteins can be utilized for identifying and purifying 
such proteins. For example, antibodies may be utilized for 
affinity separation of proteins with which they immunospe 
cifically interact. Antibodies may also be used to immuno 
precipitate proteins from a sample containing a mixture of 
proteins and other biological molecules. Other uses of 
anti-MOAT antibodies are described below. 
II. Uses of MOAT-Encoding Nucleic Acids, 
MOAT Proteins and Antibodies Thereto 
Cellular transporter molecules have received a great deal 

of attention as potential targets of chemotherapeutic agents 
designed to effectively block the export of pharmacological 
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reagents from tumor cells. The MOAT proteins of the 
invention play a pivotal role in the transport of molecules 
across the cell membrane. 

Additionally, MOAT nucleic acids, proteins and antibod 
ies thereto, according to this invention, may be used as 
research tools to identify other proteins that are intimately 
involved in the transport of molecules into and out of cells. 
Biochemical elucidation of molecular mechanisms which 
govern such transport will facilitate the development of 
novel anti-transport agents that may sensitize tumor cells to 
conventional chemotherapeutic agents. 

A. MOAT-Encoding Nucleic Acids 
MOAT-encoding nucleic acids may be used for a variety 

of purposes in accordance with the present invention. 
MOAT-encoding DNA, RNA, or fragments thereof may be 
used as probes to detect the presence of and/or expression of 
genes encoding MOAT proteins. Methods in which MOAT 
encoding nucleic acids may be utilized as probes for Such 
assays include, but are not limited to: (1) in situ hybridiza 
tion; (2) Southern hybridization (3) northern hybridization; 
and (4) assorted amplification reactions such as polymerase 
chain reactions (PCR). 
The MOAT-encoding nucleic acids of the invention may 

also be utilized as probes to identify related genes from other 
animal species. AS is well known in the art, hybridization 
stringencies may be adjusted to allow hybridization of 
nucleic acid probes with complementary sequences of vary 
ing degrees of homology. Thus, MOAT-encoding nucleic 
acids may be used to advantage to identify and characterize 
other genes of varying degrees of relation to the MOAT 
genes of the invention. Such information enables further 
characterization of transporter molecules which give rise to 
the chemoresistant phenotype of certain tumors. Addition 
ally, they may be used to identify genes encoding proteins 
that interact with MOAT proteins (e.g., by the “interaction 
trap' technique), which should further accelerate identifica 
tion of the components involved in the acquisition of drug 
resistance. The MOAT encoding nucleic acids may also be 
used to generate primer sets suitable for PCR amplification 
of target MOAT DNA. Criteria for selecting suitable primers 
are well known to those of ordinary skill in the art. 

Nucleic acid molecules, or fragments thereof, encoding 
MOAT genes may also be utilized to control the production 
of MOAT proteins, thereby regulating the amount of protein 
available to participate in cytotoxic drug efflux. As men 
tioned above, antisense oligonucleotides corresponding to 
essential processing sites in MOAT-encoding mRNA mol 
ecules may be utilized to inhibit MOAT protein production 
in targeted cells. Alterations in the physiological amount of 
MOAT proteins may dramatically affect the ability of these 
proteins to transport pharmacological reagents out of the 
cell. 

Host cells comprising at least one MOAT encoding DNA 
molecule are encompassed in the present invention. Host 
cells contemplated for use in the present invention include 
but are not limited to bacterial cells, fungal cells, insect cells, 
mammalian cells, and plant cells. The MOAT encoding 
DNA molecules may introduced singly into such host cells 
or in combination to assess the phenotype of cells conferred 
by such expression. Methods for introducing DNA mol 
ecules are also well known to those of ordinary skill in the 
art. Such methods are set forth in Ausubel et al. eds., Current 
Protocols in Molecular Biology, John Wiley & Sons, NY. 
N.Y. 1995, the disclosure of which is incorporated by 
reference herein. 
The availability of MOAT encoding nucleic acids enables 

the production of strains of laboratory mice carrying part or 
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all of the MOAT genes or mutated sequences thereof. Such 
mice may provide an in vivo model for development of 
novel chemotherapeutic agents. Alternatively, the MOAT 
nucleic acid sequence information provided herein enables 
the production of knockout mice in which the endogenous 
genes encoding MOAT-B, MOATC, MOAT-D or MOAT-E 
have been specifically inactivated. Methods of introducing 
transgenes in laboratory mice are known to those of skill in 
the art. Three common methods include: 1. integration of 
retroviral vectors encoding the foreign gene of interest into 
an early embryo. 2. injection of DNA into the pronucleus of 
a newly fertilized egg; and 3. the incorporation of geneti 
cally manipulated embryonic stem cells into an early 
embryo. 
The alterations to the MOAT gene envisioned herein 

include modifications, deletions, and substitutions. Modifi 
cations and deletions render the naturally occurring gene 
nonfunctional, producing a "knock out animal. Substitu 
tions of the naturally occurring gene for a gene from a 
second species results in an animal which produces an 
MOAT gene from the second species. Substitution of the 
naturally occurring gene for a gene having a mutation results 
in an animal with a mutated MOAT protein. A transgenic 
mouse carrying the human MOAT gene is generated by 
direct replacement of the mouse MOAT gene with the 
human gene. These transgenic animals are valuable for use 
in vivo assays for elucidation of other medical disorders 
associated with cellular activities modulated by MOAT 
genes. A transgenic animal carrying a “knock out of a 
MOAT encoding nucleic acid is useful for the establishment 
of a nonhuman model for chemotherapy resistance involving 
MOAT regulation. 
As a means to define the role that MOAT plays in 

mammalian systems, mice can be generated that cannot 
make MOAT proteins because of a targeted mutational 
disruption of a MOAT gene. 
The term “animal' is used herein to include all vertebrate 

animals, except humans. It also includes an individual 
animal in all stages of development, including embryonic 
and fetal stages. A “transgenic animal' is any animal con 
taining one or more cells bearing genetic information altered 
or received, directly or indirectly, by deliberate genetic 
manipulation at the Subcellular level. Such as by targeted 
recombination or microinjection or infection with recombi 
nant virus. The term “transgenic animal' is not meant to 
encompass classical cross-breeding or in vitro fertilization, 
but rather is meant to encompass animals in which one or 
more cells are altered by or receive a recombinant DNA 
molecule. This molecule may be specifically targeted to 
defined genetic locus, be randomly integrated within a 
chromosome, or it may be extrachromosomally replicating 
DNA. The term “germ cell line transgenic animal' refers to 
a transgenic animal in which the genetic alteration or genetic 
information was introduced into a germ line cell, thereby 
conferring the ability to transfer the genetic information to 
offspring. If such offspring in fact, possess Some or all of that 
alteration or genetic information, then they, too, are trans 
genic animals. 
The alteration or genetic information may be foreign to 

the species of animal to which the recipient belongs, or 
foreign only to the particular individual recipient, or may be 
genetic information already possessed by the recipient. In 
the last case, the altered or introduced gene may be 
expressed differently than the native gene. The altered 
MOAT gene generally should not fully encode the same 
MOAT protein native to the host animal and its expression 
product should be altered to a minor or great degree, or 
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absent altogether. However, it is conceivable that a more 
modestly modified MOAT gene will fall within the compass 
of the present invention if it is a specific alteration. 
The DNA used for altering a target gene may be obtained 

by a wide variety of techniques that include, but are not 
limited to, isolation from genomic sources, preparation of 
cDNAs from isolated mRNA templates, direct synthesis, or 
a combination thereof. 
A preferred type of target cell for transgene introduction 

is the embryonal stem cell (ES). ES cells may be obtained 
from pre-implantation embryos cultured in vitro. Transgenes 
can be efficiently introduced into-the ES cells by standard 
techniques such as DNA transfection or by retrovirus 
mediated transduction. The resultant transformed ES cells 
can thereafter be combined with blastocysts from a non 
human animal. The introduced ES cells thereafter colonize 
the embryo and contribute to the germ line of the resulting 
chimeric animal. 
One approach to the problem of determining the contri 

butions of individual genes and their expression products is 
to use isolated MOAT genes to selectively inactivate the 
wild-type gene in totipotent ES cells (such as those 
described above) and then generate transgenic mice. The use 
of gene-targeted ES cells in the generation of gene-targeted 
transgenic mice is known in the art. 

Techniques are available to inactivate or alter any genetic 
region to a mutation desired by using targeted homologous 
recombination to insert specific changes into chromosomal 
alleles. However, in comparison with homologous extrach 
romosomal recombination, which occurs at a frequency 
approaching 100%, homologous plasmid-chromosome 
recombination was originally reported to only be detected at 
frequencies between 10 and 10. Nonhomologous plas 
mid-chromosome interactions are more frequent occurring 
at levels 10-fold to 10-fold greater than comparable 
homologous insertion. 
To overcome this low proportion of targeted recombina 

tion in murine ES cells, various strategies have been devel 
oped to detect or select rare homologous recombinants. One 
approach for detecting homologous alteration events uses 
the polymerase chain reaction (PCR) to screen pools of 
transformant cells for homologous insertion, followed by 
screening of individual clones. Alternatively, a positive 
genetic selection approach has been developed in which a 
marker gene is constructed which will only be active if 
homologous insertion occurs, allowing these recombinants 
to be selected directly. One of the most powerful approaches 
developed for selecting homologous recombinants is the 
positive-negative selection (PNS) method developed for 
genes for which no direct selection of the alteration exists. 
The PNS method is more efficient for targeting genes which 
are not expressed at high levels because the marker gene has 
its own promoter. Non-homologous recombinants are 
selected against by using the Herpes Simplex virus thymi 
dine kinase (HSV-TK) gene and selecting against its non 
homologous insertion with effective herpes drugs such as 
gancyclovir (GANC) or (1-(2-deoxy-2-fluoro-B-Darabinof 
luranosyl)-5-iodouracil, (FIAU). By this counter selection, 
the number of homologous recombinants in the Surviving 
transformants can be increased. 

As used herein, a “targeted gene' or "knock-out” is a 
DNA sequence introduced into the germline or a non-human 
animal by way of human intervention, including but not 
limited to, the methods described herein. The targeted genes 
of the invention include DNA sequences which are designed 
to specifically alter cognate endogenous alleles. 
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Methods of use for the transgenic mice of the invention 
are also provided herein. Knockout mice of the invention 
can be injected with tumor cells or treated with carcinogens 
to generate carcinomas. Such mice provide a biological 
system for assessing chemotherapy resistance as modulated 
by a MOAT gene of the invention. Accordingly, therapeutic 
agents which inhibit the action of these transporters and 
thereby prevent efflux of beneficial chemotherapeutic agents 
from tumor cells may be screened in studies using MOAT 
knock out mice. 
As described above, MOAT-encoding nucleic acids are 

also used to advantage to produce large quantities of Sub 
stantially pure MOAT proteins, or selected portions thereof. 
B. MOAT Proteins and Antibodies 

Purified full length MOAT proteins, or fragments thereof, 
may be used to produce polyclonal or monoclonal antibodies 
which also may serve as sensitive detection reagents for the 
presence and accumulation of MOAT proteins (or com 
plexes containing MOAT proteins) in mammalian cells. 
Recombinant techniques enable expression of fusion pro 
teins containing part or all of MOAT proteins. The full 
length proteins or fragments of the proteins may be used to 
advantage to generate an array of monoclonal antibodies 
specific for various epitopes of MOAT proteins, thereby 
providing even greater sensitivity for detection of MOAT 
proteins in cells. 

Polyclonal or monoclonal antibodies immunologically 
specific for MOAT proteins may be used in a variety of 
assays designed to detect and quantitate the proteins. Such 
assays include, but are not limited to: (1) flow cytometric 
analysis; (2) immunochemical localization of MOAT pro 
teins in tumor cells; and (3) immunoblot analysis (e.g., dot 
blot, Western blot) of extracts from various cells. Addition 
ally, as described above, anti-MOAT antibodies can be used 
for purification of MOAT proteins and any associated sub 
units (e.g., affinity column purification, immunoprecipita 
tion). 

From the foregoing discussion, it can be seen that MOAT 
encoding nucleic acids, MOAT expressing vectors, MOAT 
proteins and anti-MOAT antibodies of the invention can be 
used to detect MOAT gene expression and alter MOAT 
protein accumulation for purposes of assessing the genetic 
and protein interactions involved in the development of drug 
resistance in tumor cells. 
C. Methods and Kits Employing the Compositions of the 

Present Invention 
From the foregoing discussion, it can be seen that MOAT 

encoding nucleic acids, MOAT-expressing vectors, MOAT 
proteins and anti-MOAT antibodies of the invention can be 
used to detect MOAT gene expression and alter MOAT 
protein accumulation for purposes of assessing the genetic 
and protein interactions giving rise to chemotherapy resis 
tance in tumor cells. 

Exemplary approaches for detecting MOAT nucleic acid 
or polypeptides/proteins include: 

a) comparing the sequence of nucleic acid in the sample 
with the MOAT nucleic acid sequence to determine whether 
the sample from the patient contains mutations;or 

b) determining the presence, in a sample from a patient, 
of the polypeptide encoded by the MOAT gene and, if 
present, determining whether the polypeptide is full length, 
and/or is mutated, and/or is expressed at the normal level; or 

c) using DNA restriction mapping to compare the restric 
tion pattern produced when a restriction enzyme cuts a 
sample of nucleic acid from the patient with the restriction 
pattern obtained from normal MOAT gene or from known 
mutations thereof; or, 
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d) using a specific binding member capable of binding to 

a MOAT nucleic acid sequence (either normal sequence or 
known mutated sequence), the specific binding member 
comprising nucleic acid hybridizable with the MOAT 
sequence, or Substances comprising an antibody domain 
with specificity for a native or mutated MOAT nucleic acid 
sequence or the polypeptide encoded by it, the specific 
binding member being labelled so that binding of the 
specific binding member to its binding partner is detectable; 
Or, 

e) using PCR involving one or more primers based on 
normal or mutated MOAT gene sequence to screen for 
normal or mutant MOAT gene in a sample from a patient. 
A 'specific binding pair comprises a specific binding 

member (sbm) and a binding partner (bp) which have a 
particular specificity for each other and which in normal 
conditions bind to each other in preference to other mol 
ecules. Examples of specific binding pairs are antigens and 
antibodies, ligands and receptors and complementary nucle 
otide sequences. The skilled person is aware of many other 
examples and they do not need to be listed here. Further, the 
term “specific binding pair is also applicable where either 
or both of the specific binding member and the binding 
partner comprise a part of a large molecule. In embodiments 
in which the specific binding pair are nucleic acid sequences, 
they will be of a length to hybridize to each other under 
conditions of the assay, preferably greater than 10 nucle 
otides long, more preferably greater than 15 or 20 nucle 
otides long. 

In most embodiments for screening for alleles giving rise 
to chemotherapy resistance, the MOAT nucleic acid in 
biological sample will initially be amplified, e.g. using PCR, 
to increase the amount of the analyte as compared to other 
sequences present in the sample. This allows the target 
sequences to be detected with a high degree of sensitivity if 
they are present in the sample. This initial step may be 
avoided by using highly sensitive array techniques that are 
becoming increasingly important in the art. 
The identification of the MOAT gene and its association 

with a particular chemotherapy resistance paves the way for 
aspects of the present invention to provide the use of 
materials and methods, such as are disclosed and discussed 
above, for establishing the presence or absence in a test 
sample of a variant form of the gene, in particular an allele 
or variant specifically associated with chemotherapy resis 
tance. This may be done to assess the propensity of the 
tumor to exhibit chemotherapy resistance. 

In still further embodiments, the present invention con 
cerns immunodetection methods for binding, purifying, 
removing, quantifying or otherwise generally detecting bio 
logical components. The encoded proteins or peptides of the 
present invention may be employed to detect antibodies 
having reactivity therewith, or, alternatively, antibodies pre 
pared in accordance with the present invention, may be 
employed to detect the encoded proteins or peptides. The 
steps of various useful immunodetection methods have been 
described in the scientific literature. Such as, e.g., Nakamura 
et al. (1987). 

In general, the immunobinding methods include obtaining 
a sample Suspected of containing a protein, peptide or 
antibody, and contacting the sample with an antibody or 
protein or peptide in accordance with the present invention, 
as the case may be, under conditions effective to allow the 
formation of immunocomplexes. 
The immunobinding methods include methods for detect 

ing or quantifying the amount of a reactive component in a 
sample, which methods require the detection or quantitation 
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of any immune complexes formed during the binding pro 
cess. Here, one would obtain a sample Suspected of con 
taining a MOAT gene encoded protein, peptide or a corre 
sponding antibody, and contact the sample with an antibody 
or encoded protein or peptide, as the case may be, and then 5 
detect or quantify the amount of immune complexes formed 
under the specific conditions. 

In terms of antigen detection, the biological sample ana 
lyzed may be any sample that is suspected of containing the 
MOAT antigen, Such as a tumor tissue section or specimen, 10 
a homogenized tissue extract, an isolated cell, a cell mem 
brane preparation, separated or purified forms of any of the 
above protein-containing compositions. 

Contacting the chosen biological sample with the protein, 
peptide or antibody under conditions effective and for a 15 
period of time sufficient to allow the formation of immune 
complexes (primary immune complexes) is generally a 
matter of simply adding the composition to the sample and 
incubating the mixture for a period of time long enough for 
the antibodies to form immune complexes with, i.e., to bind 20 
to, any antigens present. After this time, the sample-antibody 
composition, such as a tissue section, ELISA plate, dot blot 
or Western blot, will generally be washed to remove any 
non-specifically bound antibody species, allowing only 
those antibodies specifically bound within the primary 25 
immune complexes to be detected. 

In general, the detection of immunocomplex formation is 
well known in the art and may be achieved through the 
application of numerous approaches. These methods are 
generally based upon the detection of a label or marker, Such 
as any radioactive, fluorescent, biological or enzymatic tags 
or labels of standard use in the art. U.S. Patents concerning 
the use of such labels include U.S. Pat. Nos. 3,817,837; 
3.850,752; 3,939,350; 3,996.345; 4,277,437; 4,275,149 and 
4.366,241, each incorporated herein by reference. Of course, 
one may find additional advantages through the use of a 
secondary binding ligand Such as a second antibody or a 
biotin/avidin ligand binding arrangement, as is known in the 
art. 

In one broad aspect, the present invention encompasses 
kits for use in detecting expression of MOAT encoding 
nucleic acids in biological samples, including biopsy 
samples. Such a kit may comprise one or more pairs of 
primers for amplifying nucleic acids corresponding to the 
MOAT gene. The kit may further comprise samples of total 
mRNA derived from tissues expressing at least one or a 
subset of the MOAT genes of the invention, to be used as 
controls. The kit may also comprise buffers, nucleotide 
bases, and other compositions to be used in hybridization 
and/or amplification reactions. Each solution or composition 
may be contained in a vial or bottle and all vials held in close 
confinement in a box for commercial sale. In a further 
embodiment, the invention encompasses a kit for use in 
detecting MOAT proteins in chemotherapy resistant cancer 
cells comprising antibodies specific for MOAT proteins 
encoded by the MOAT nucleic acids of the present inven 
tion. 

Another aspect of the present invention comprises screen 
ing methods employing host cells expressing one or more 
MOAT genes of the invention. An advantage of having 
discovered the complete coding sequenced of MOAT B-E is 
that cell lines that overexpress MOATB C D or E can be 
generated using standard transfection protocols. Cells that 
overexpress the complete cDNA will also harbor the com 
plete proteins, a feature that is essential for biological 65 
activity of proteins. The overexpressing cell lines will be 
useful in several ways: 1)The drug sensitivity of overex 
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pressing cell lines can be tested with a variety of known 
anticancer agents in order to determine the spectrum of 
anticancer agents for which the transporter confers resis 
tance; 2)The drug sensitivity of overexpressing cell lines can 
be used to determine whether newly discovered anticancer 
agents are transported out of the cell by one of the discov 
ered transporters; 3)Overexpressing cell lines can be used to 
identify potential inhibitors that reduce the activity of the 
transporters. Such inhibitors are of great clinical interest in 
that they may enhance the activity of known anticancer 
agents, thereby increasing their effectiveness. Reduced 
activity will be detected by restoration of anticancer drug 
sensitivity, or by reduction of transporter mediated cellular 
efflux of anticancer agents. In vitro biochemical studies 
designed to identify reduced transporter activity in the 
presence of potential inhibitors can also be performed using 
membranes prepared from overexpessing cell lines; and 
4)Overexpressing cell lines can also be used to determine 
whether pharmaceutical agents that are not anticancer agents 
are transported out of the cell by the transporters. 
The following protocols are provided to facilitate the 

practice of the present invention. 
Isolation of MOAT-B cDNA 

Forward (CT(A/G/T) GT(A/G/T) GC(A/G/T) GT(A/G/ 
T) GT(A/G/T) GG(A/G/C/T) and reverse (G/A)CT (A/G/ 
C/T)A(A/G/C (A/G/C/T)GC (A/G/C/T) (G/C) (T/A) (A/G/ 
C/T)A(A/G) (A/G/C/T)GG (A/G/C/T)TC (A/G)TC) 
degenerate oligonucleotide primers were designed based 
upon the first nucleotide binding folds of human MRP. 
CFTR, and MDR1. Bacteriophage DNA isolated from a 
C200 cDNA library prepared in the pCEV27 phagemid 
vector (17) was used as template in PCR reactions contain 
ing 250 ng cDNA, 5 uM primers, 50 mM KC1, 10 mM 
Tris-HCl, pH 8.3, 3 mM MgCl, 0.05% gelatin, 0.2 mM 
dNTP and Taq polymerase (PerkinElmer Cetus). Five cycles 
of PCR were performed as follows: 94° C. for 1 minute, 40° 
C. for 2 minutes, 72° C. for 3 minutes. Twenty five cycles 
were then performed as follows: 94° C. for 1 minute, 55° C. 
for 1 minute, and 72°C. for 1 minute. The resulting reaction 
products were used as template in a second round of PCR, 
as described above, with nested forward (CGGGATCC 
AG(A/G) GA(A/G) AA(C/T) AT(A/C/T) CT(A/G/C/T) TTT 
GG(A/G/C/T) and reverse CGGAATTC (A/G/T/C)TC 
(A/G)TC (A/C/T)AG (A/G/C/T)AG (A/G)TA (A/T/G)AT 
(A/G)TC degenerate oligonucleotide primers. PCR reac 
tion products were isolated from an agarose gel and Sub 
cloned into the BamHI and EcoRI sites of p3luescript 
(Stratagene). Nucleotide sequence analysis was performed 
on plasmid DNA prepared from amplicillin resistant trans 
formants. Additional cDNA clones were isolated from C200 
(ovary) and B5 (breast) cDNA libraries by plaque hybrid 
ization using the PCR product as the initial radiolabeled 
probe. 

RNA Blot Analysis 
Blots containing polyA RNA isolated from human tis 

sues (Clontech) were prehybridized at 45° C. for 8 hours in 
50% formamide, 4xSSC, 4x Denhardt’s solution, 0.04 M 
sodium phosphate monobasic, pH 6.5, 0.8% (w/v) glycine, 
0.1 mg/ml sheared denatured salmon sperm DNA. Hybrid 
ization was performed at 45° C. with 'P-labeled MOAT-B 
or GAPDH probes in a solution containing 50% formamide, 
3xSSC, 0.04 M sodium phosphate pH 6.5, 10% dextran 
sulfate, 0.1 mg/ml sheared denatured salmon sperm DNA. 
Blots were washed 2 times for 15 min at 65° C. in 2XSSC, 
5 mM Tris-HCl pH7.4, 0.5% SDS, 2.5 mM EDTA, 0.1% 
Sodium pyrophosphate pH 8.0, and Subsequently washed 2 
times for 15 min in 0.1 xSSC. Blots were then subjected to 
autoradiography. 
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Chromosomal localization 
Preparation of metaphase spreads from phytohemagglu 

tinin-stimulated lymphocytes of a healthy female donor, and 
fluorescence in situ hybridization and detection of immun 
ofluorescence were carried out as previously described (18). 
A 2.2-kb clDNA clone of MOAT-B inserted in pBluescript 
was biotinylated by nick translation in a reaction containing 
1 ug DNA, 20 uM each of dATP, dCTP and dGTP, 1 uM 
dTTP, 25 mM Tris-HCl, pH 7.5, 5 mM MgCl, 10 mM 
B-mercaptoethanol, 10 uM biotin-1 6-dUTP (Boehringer 
Mannheim), 2 units DNA polymerase 1/DNase 1 (GIBCO, 
BRL) and water to a total volume of 50 ul. The probe was 
denatured and hybridized to metaphase spreads overnight at 
37° C. Hybridization sites were detected with fluorescein 
labeled avidin (Oncor) and amplified by addition of anti 
avidin antibody (Oncor) and a second layer of fluorescein 
labeled avidin. The chromosome preparations were 
counterstained with DAPI and observed with a Zeiss Axio 
phot epifluorescence microscope equipped with a cooled 
charge coupled device camera (Photometrics, Tucson AZ) 
operated by a Macintosh computer work Station. Digitized 
images of DAPI staining and fluorescein signals were cap 
tured, pseudo-colored and merged using Oncor Image ver 
sion 1.6 software. 

Isolation of MOAT-C and MOAT-D cDNA 
MOAT-C and MOAT-D cDNA clones were isolated by 

plaque hybridization from bacteriophage cDNA libraries 
using the I.M.A.G.E. clones as the initial probes (ATCC). 
RNA Blot Analysis 

Blots containing polyA RNA isolated from human tis 
sues (Clontech) were purchased from Clontech, and hybrid 
ized with radiolabeled MOAT-C, MOAT-D or actin probes 
according to the manufacturer's directions. 
Chromosomal Localization 

Preparation of metaphase spreads from phytohemagglu 
tinin-stimulated lymphocytes of a healthy female donor, and 
fluorescence in situ hybridization and detection of immun 
ofluorescence were carried out as previously described (18). 
A MOAT-C probe inserted in pBluescript, or MOAT-D probe 
inserted in pRluescript, was biotinylated by nick translation 
in a reaction containing 1 lug DNA, 20 uM each of dATP, 
dCTP and dGTP, 1 uM dTTP, 25 mM Tris-HCl, pH 7.5, 5 
mM MgCl2, 10 mM f-mercaptoethanol, 10 uM biotin-16 
dUTP (Boehringer Mannheim), 2 units DNA polymerase 
1/DNase 1 (GIBCO, BRL) and water to a total volume of 50 
ul. The probe was denatured and hybridized to metaphase 
spreads overnight at 37° C. Hybridization sites were 
detected with fluorescein-labeled avidin (Oncor) and ampli 
fied by addition of anti-avidin antibody (Oncor) and a 
second layer of fluorescein-labeled avidin. The chromosome 
preparations were counterstained with DAPI and observed 
with a Zeiss Axiophot epifluorescence microscope equipped 
with a cooled charge coupled device camera (Photometrics, 
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Tucson AZ) operated by a Macintosh computer work Station. 
Digitized images of DAPI staining and fluorescein signals 
were captured, pseudo-colored and merged using Oncor 
Image version 1.6 Software. 
The following examples are provided to illustrate various 

embodiments of the invention. They are not intended to limit 
the invention in any way. 

EXAMPLE I 

Isolation of MOAT-B cDNA 

A degenerate PCR approach was used to isolate MRP 
related transporters. Degenerate oligonucleotide primers 
were prepared based upon the N-terminal nucleotide binding 
folds of MRP and other eukaryotic transporters, and used in 
conjunction with DNA prepared from an ovarian cancer cell 
line bacteriophage library. Nucleotide sequence analysis of 
one of the resulting PCR products indicated that it encoded 
a segment of a novel nucleotide binding fold that was most 
closely related to MRP and cMOAT. Overlapping cDNA 
clones were isolated from ovarian and breast bacteriophage 
libraries by plaque hybridization using the PCR product as 
the initial probe. A total of 5.9 kB of cDNA was isolated. 
Nucleotide sequence analysis revealed two classes of cDNA 
clones that were about equally represented among isolates 
from each of the two bacteriophage libraries. The first class 
contained an open reading frame of 3975 bp that was 
bordered by in frame stop codons located at positions-76 
and-42 (relative to the putative initiation codon) and 3976, 
and encoding a predicted protein of 1325 amino acids, which 
is designated MOAT-B. The open reading frame was fol 
lowed by approximately 2 kB of 3" untranslated sequences. 
The most upstream ATG in the open reading frame was 
located in the sequence context CAAGATGC". The A at 
position -3 of the putative translation initiation codon was 
in agreement with the major feature of the Kozak consensus 
sequence, but the C at position +4 was divergent from the 
more usual G. The second class of cDNA clones was 
identical to the first with the exception of a single nucleotide. 
These clones harbored an additional T following nucleotide 
3872 of the first class of clones, close to the C-terminus of 
the predicted protein. This additional nucleotide resulted in 
a frame shift such that the predicted protein of the second 
class of cDNA clones was 22 residues shorter than that of the 
first class of cDNA clones, and in which the C-terminal 34 
residues of the latter reading frame were replaced by 12 
distinct residues. See brief description of FIGS. 1A and 1B. 

Analysis of the MOAT-B Predicted Structure. 
Comparison of the MOAT-B predicted protein with com 

plete coding sequences in protein data bases using the 
BLAST program indicated that it shared significant similar 
ity with several eukaryotic ABC transporters. Table I. 

TABLE I 

Comparison of peptide domains of MOAT-B with 
those of other eukaryotic ABC transporters 

MOAT-B Domain (peptide 

TM1 

(88-376) 

MRP human 28.6 
YCF1 yeast 27 
MOAT human 33.2 

linker C 
NBF1 region TM2 NBF2 terminus overall 

(428-576) (577–705) (706–992) (1058–1216) (1217–1325) identity 
percent identity 

55.6 27.9 33.3 61.6 51.6 39.2 
56 27.9 34 57.2 48.5 38.9 
53.3 32.8 31.4 55.3 44.9 38 
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TABLE I-continued 

Comparison of peptide domains of MOAT-B with 
those of other eukaryotic ABC transporters 

MOAT-B Domain (peptide 

22 

C 
terminus overall 

linker 
TM1 NBF1 region TM2 NBF2 

(88-376) (428-576) (577–705) (706–992) (1058–1216) (1217–1325) identity 
percent identity 

CFTR Human 3O.S 48 27.9 37.7 44 
SUR rat 28.1 41.3 28.2 30 52.8 
MDR1 human 17.6 39.2 21.1 17.3 32.2 

B The indicated domains are, 

21 36.3 
42.8 32.9 
40.3 23.3 

TM1: segment containing the transmembrane spanning domain N-terminal to NBF1: 
NBF1 and NBF2: nucleotide binding folds 1 and 2: 
Linker region: segment located between NBF1 and TM2; 
TM2: Segment containing the transmembrane spanning domain located between the two NBFs; 
C-terminus: segment between NBF2 and the C-terminus of the proteins. 
Sequence alignments were generated using the PILEUP program of the GCC package. Percent amino 
acid identity with MOAT-B domains are shown. 

Typical features of eukaryotic ABC transporters were 
present in the predicted MOAT-B protein. See FIGS. 1A and 
1B. Overall the protein was composed of a tandem repeat of 
a nucleotide binding fold appended C-terminal to a hydro 
phobic domain that contained several potential transmem 
brane spanning helices. Conserved Walker A and B ATP 
binding sites were present in each of the nucleotide binding 
folds. See FIG. 2A. In addition, a conserved C motif, the 
signature sequence of ABC transporters, was present in each 
nucleotide binding fold. Analysis of potential transmem 
brane motifs using the TMAP program (19) and an input 
sequence alignment of MOAT-B and MOATC, a transporter 
highly related to MOAT-B4, predicted 12 transmembrane 
helices with 6 transmembrane segments in each of the two 
hydrophobic domains. This 6+6 configuration of predicted 
transmembrane helices is in agreement with topological 
models proposed for MRP and other ABC transporters 
(20.21), and is shown in FIGS. 1A and 1B. However, 
alternative predictions of transmembrane segments were 
obtained using different program parameters or input 
sequence alignments. For example, when the TMAP pro 
gram was used with an input sequence alignment consisting 
of human MRP rat cMOAT, rat sulfonyl urea receptor 
(SUR), human cystic fibrosis conductance regulator (CFTR) 
and human P-glycoprotein, a 6-5 configuration was pre 
dicted. The only substantial difference between the latter 
prediction and the structure shown in FIGS. 1A and 1B is 
that transmembrane segments 9 (829-853) and 10 (855-878) 
were replaced by a single predicted transmembrane segment 
spanning amino acids 847-875. 
Among ABC transporters, the degree of similarity of the 

nucleotide binding folds is considered to be the best indi 
cator of functional conservation. Comparison of the nucle 
otide binding folds of MOAT-B with other eukaryotic ABC 
transporters indicated that it was most closely related to 
MRP, the yeast cadmium resistance protein (YCF1) and 
cMOAT (Table I), three transporters that have organic 
anions as substrates. The MOAT-B NBF1 was 55.6, 56.0 and 
53.3 percent identical, and the MOAT-B NBF2 was 61.6, 
57.2 and 55.3 percent identical to the first and second 
nucleotide binding folds of human MRP, YCF1 and human 
cMOAT, respectively. Aside from the latter transporters, the 
MOAT-B nucleotide binding folds were most closely related 
to those of CFTR and SUR. The MOAT-B nucleotide 
binding folds shared significantly less similarity with those 
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of MDR1. Alignment of the MOAT-B nucleotide binding 
folds with those of other eukaryotic transporters is shown in 
FIG. 2A. Analysis of the overall amino acid identity of 
MOAT-B with other ABC transporters also indicated that it 
was most closely related to MRP, YCF1 and cMOAT (Table 
I). Overall MOAT-B was 39.2, 38.9 and 38 percent identical 
to these transporters, respectively. FIG. 2B shows a com 
parison of the hydropathy profiles of MOAT-B with those of 
other eukaryotic transporters. This comparison reveals that 
MOAT-B (1325 amino acids) is approximately 200 amino 
acids smaller than MRP (1531 residues), cMOAT (1545 
residues) and YCF1 (1515 residues), and that this size 
difference is largely accounted for by the absence in 
MOAT-B of an amino terminal hydrophobic extension that 
is present in MRP, cMOAT and YCF1 (22). This N-terminal 
hydrophobic segment is predicted to harbor several trans 
membrane spanning segments, and is also present in SUR. 

Expression Pattern of MOAT-B in Human Tissues. 
To gain insight into the possible function of MOAT-B, its 

expression pattern in a variety of human tissues was exam 
ined by RNA blot analysis. As shown in FIG. 3, a MOAT-B 
transcript of approximately 6 kB was readily detected. The 
isolation of 5.9 kB of MOAT-B cDNA was consistent with 
this size. MOAT-B expression was detected in each of the 16 
tissues analyzed. Transcript levels were highest in prostate 
and lowest in liver and peripheral blood leukocytes, for 
which prolonged exposure of film were required to detect 
expression. Intermediate levels of expression were observed 
in other tissues. 

Chromosomal Localization of the MOAT-B Gene. 
The MOAT-B chromosomal localization was determined 

by fluorescence in situ hybridization. As shown in FIG. 4, 
hybridization of the MOAT-B probe to metaphase spreads 
revealed specific labeling at human chromosome band 
13.q.32. Fluorescent signals were detected on chromosome 
13 in each of 19 metaphase spreads scored. Of 135 signals 
observed, 62 (46%) were on 13q. Among these signals, 61 
localized at 13q32, near the boundary between 13q31 and 
13.q.32. Paired (on sister chromatids) signals were only seen 
at band 13.q.32. In several metaphases, signals on a single 
chromatid were observed at chromosome bands 6p21 or 
4q21, Suggesting hybridization to distantly related 
Sequences. 
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EXAMPLE II 

Isolation of MOAT-C and MOAT-D cDNA 

Isolation of the MOAT-B transporter as described above 
suggested the possibility that there were other MRP/ 
cMOAT-related transporters. A blast search (36) of the 
nonredundent expressed sequence tag database using MRP 
and related yeast transporters revealed two clones with 
significant similarity to MRP and cMOAT. The first of these 
sequences (I.M.A.G.E. consortium clone 113196) was 1.2 
kb in length, 800 bp of which encoded an MRP-related 
peptide. A segment of this clone was used as a probe to 
screen ovarian and hematopoietic bacteriophage libraries. 
Analysis of these cDNA clones indicated that they contained 
approximately 2 kb of additional coding sequence not 
present in clone 113196. An additional 1655 bp of 5' 
sequence was obtained by several rounds of RACE using the 
bacteriophage DNA prepared from the ovarian cINA library 
as template. The continuity of the sequences obtained by 
RACE with the cDNA clones isolated from bacteriophage 
libraries was confirmed by nucleotide sequence analysis of 
a 2 kb product obtained by RT/PCR using an upstream 
oligonucleotide primer located at the 5' end of the RACE 
sequence and a downstream primer located at the 5' end of 
the cDNA obtained by plaque hybridization. A total of 
approximately 5.9 kb of cDNA sequences were isolated. 
Nucleotide sequence analysis revealed an open reading 
frame of 4311 bp that was preceded by an in frame stop 
codon located at positions -93 (relative to the putative 
initiation codon), and encoding a predicted protein of 1437 
amino acids, which is designated MOAT-C herein. The open 
reading frame was followed by approximately 1.4 kB of 3 
untranslated sequences in which a polyadenylation sequence 
(AAUAAA) was located 20 bp upstream of the poly(A)tail. 
The most upstream ATG in the open reading frame was 
located in the sequence context GAAGATGA". The A at 
position -3 of the putative translation initiation codon was 
in agreement with the major feature of the Kozak consensus 
sequence, but the A at position +4 was divergent from the 
more usual G (37). The second sequence identified in our 
database search (I.M.A.G.E. consortium clone 208097) was 
1.2 kb in length, of which 588 bp encoded an MRP-related 
peptide. A segment of this clone was used as a probe to 
screen liver and monocyte bacteriophage cDNA libraries, 
and 5' cDNA segments of the isolated cDNA clones were 
used in a Subsequent round of Screening. Together approxi 
mately 5.2 kb of cDNA sequence were isolated. Nucleotide 
sequence analysis revealed an open reading frame of 4570 
bp, which is designated MOAT-D herein. The open reading 
frame was followed by approximately 0.6 kb of 3' untrans 
lated sequences in which a polyadenylation sequence 
(AAUAAA) was located 12 bp upstream of the poly(A)tail. 
An upstream in frame stop codon was not present in the 
MOAT-D cDNA clones, and attempts to obtain additional 
upstream sequences by RACE using as template cDNA 
prepared from sources in which MOAT-D is abundant were 
not successful. The most upstream ATG in the open reading 
frame (nucleotide position 5-7), located in the sequence 
context "ATGGATGG+", was therefore designated as the 
translational initiation site. The G at position +4, was in 
good agreement with the Kozak consensus sequence, but the 
T at -3 was divergent from the more usual A (37). Although 
an upstream in frame stop codon was not identified in the 
MOAT-D cDNA clones, the size of the encoded protein was 
within one amino acid of the size of the transporter with 
which it shares the highest degree of identity (MRP), sug 
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gesting that the complete MOAT-D open reading frame was 
present in the isolated cDNA clones. 

Analysis of the MOAT-C and MOAT-D Predicted Proteins. 
Comparison of the MOAT-C and MOAT-D predicted 

proteins with complete coding sequences in protein data 
bases using the BLAST program indicated that they shared 
significant similarity with several eukaryotic ABC transport 
ers. Typical features of eukaryotic ABC transporters were 
present in the predicted proteins. See FIG. 5. Overall the 
proteins were composed of hydrophobic domains containing 
potential transmembrane spanning helices and two nucle 
otide binding folds. Conserved Walker A and BATP binding 
sites, as well as a conserved C motif, the signature sequence 
of ABC transporters, was present in the nucleotide binding 
folds. Computer assisted analysis of potential transmem 
brane helices of MOAT-C using the TMAP program (19) 
predicted 12 transmembrane helices with 6 transmembrane 
spanning helices in each of two membrane spanning 
domains. This 6+6 (TM1-TM6 and TM7-TM12) configura 
tion of predicted transmembrane helices is in agreement 
with topological models proposed for several other ABC 
transporters (20, 21), and is shown in FIG. 5. However, 
alternative predictions of transmembrane segments were 
obtained using different program parameters or input 
sequence alignments. Comparison of the hydropathy profiles 
of MOAT-C with other MRP/cMOAT-related transporters 
(FIG. 6B) indicates that its structure is similar to that of 
MOAT-B, which also has two membrane spanning domains. 

In contrast to MOAT-C, hydrophobicity analysis of 
MOAT-D indicated that it has three membrane spanning 
domains. Similar to MRP, cMOAT and the yeast cadmium 
resistance factor 1 (YCF1), MOAT-D has an additional 
N-terminal hydrophobic domain that is not present in 
MOAT-B or MOAT-C (FIGS. 5 and 6). A 5+6+6 configu 
ration of transmembrane spanning helices has been proposed 
for MRP (38), in which the N-terminal extension harbors 5 
transmembrane spanning helices, and 6 transmembrane heli 
ces are present in the second and third membrane spanning 
domain. An alignment of the MOAT-D predicted protein 
with MRP using the GAP program indicated that proposed 
MRP transmembrane spanning helices were conserved in 
MOAT-D. This 5+6+6 model for MOAT-D is shown in FIG. 
5. Another configuration of transmembrane spanning helices 
(5+6+4) was predicted using computer assisted analysis. 
MRP has been reported to have two N-linked glycosylation 
sites in its N-terminus (Asn-19 and Asn-23) and another site 
located between the first and second transmembrane Span 
ning helix of its third membrane spanning domain (ASn 
1006). The alignment of MOAT-D with MRP indicated that 
an N-terminal (ASn-21) and a distal N-glycosylation sites 
(Asn-1008/1009) were conserved in analogous positions in 
MOAT-D. Only the distal N-glycosylation site of MRP is 
conserved in MOAT-C (Asn890) (FIG. 5) and MOAT-B" 
(Asn746/754). 
Among ABC transporters, the degree of similarity of the 

nucleotide binding folds is considered to be the best indi 
cator of functional conservation. Comparison of the nucle 
otide binding folds of MOAT-C and MOAT-D with other 
eukaryotic ABC transporters indicated that they were most 
closely related to those of human MRP human cMOAT and 
yeast YCF1, three transporters that have organic anions as 
Substrates. As shown in Table 2, among the human trans 
porters, the MOAT-C NBF1 was about equally related to 
MOAT-D, MRP and cMOAT (55-61% identity), and less 
similar to MOAT-B (49% identity). 
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TABLE II 

Amino acid identity: nucleotide binding folds 1 
and 2 of MRP cMOAT Sub-family members. 

26 

MOAT-C MOAT-D MOATB MRP cMOAT YCFI 
% IDENTIFY (BNF1/NBF20) 

MOAT-C - 57.3, 58.9 49.3,59.1 6O.O.S9.4 61.3, 60.6 S5.3 S8.8 
MOAT-D Sf.3, 58.9 SS3, S4.1 70.173.8 67.3,700 S2.7.61.3 
MOATB 49.3, 59.1 55.3, S4.1 57.3/61/6 53.3, 55.3 56.0/57.2 
MRP 6O.O.S9.4 70.7f73.7 57.3f61.6 - 66.Of 73.1 S3.3f63.8 
cMOAT 61.3.60.6 67.3,70.O 53.3, SS.3 66.O.73.1 SO.7 61.3 
YCF1 SS3,58.8 S2.7 61.3 56.O.S7.2 53.3, 63.8 S.O.7 61.3 

15 
The MOAT-C NBF2 shared about equal amino acid 

identity with the five other transporters in this group (59 
61% identity). Overall, the MOAT-C protein was about 
equally related to the other five transporters in this group, 
with 33.1-36.5% identity. Aside from these transporters, 
MOAT-C is most closely related to CFTR, with which its 
NBFs shared 44%/42% identity, and SUR, with which its 
NBFs shared 49%/51% identity. 

The MOAT-D NBFs were clearly most closely related to 
25 those of MRP and cMOAT, with which they shared 
considerable amino acid identity (67.3-73.8%). See Table 
III. Of the latter two transporters, the MOAT-D NBFs were 
slightly more related to those of MRP. In contrast, the 
MOAT-D NBFs shared only 55.3-58.9% identity with those 
of MOAT-C and MOAT-B. Overall, MOAT-D was again 
most closely related to MRP (57.3%) and cMOAT (46.9%), 
but significantly more related to MRP. Consistent with the 
analysis of NBFs, MOAT-D was much less related to 
MOAT-C and MOAT-B, with which it shared only 33.1% 
and 35.3% identity, respectively. Alignment of the MOAT-C 
and MOAT-D nucleotide binding folds with those of other 
eukaryotic transporters is shown in FIG. 6. 

TABLE III 

Overall amino acid identifying among MRP cMOAT Sub 
family members 

MOAT-C MOATD MOATB MRP cMOAT YCF1 
% identity 

MOATC 33.1 36.5 35.8 36.2 33.6 
MOAT-D 33.1 35.3 57.3 46.9 38.1 
MOATB 36.4 35.3 39.4 36.8 38.8 
MRP 35.8 57.3 39.4 48.4 46.4 
cMOAT 36.3 46.9 36.8 48.8 38.8 
YCF1 33.6 38.1 38.8 40.4 38.8 

Expression Pattern of MOAT-C and MOAT-D in Human 
Tissues. 
To gain insight into the possible functions of MOAT-C 

and MOAT-D, their expression patterns in a variety of 
human tissues was examined by RNA blot analysis. As 
shown in FIG. 7 (upper panels), a MOAT-C transcript of 
approximately 6.6 kB was readily detected in several tissues. 
MOAT-C transcript levels were highest in skeletal muscle, 
with intermediate levels in kidney, testes, heart and brain. 
Low levels were detected in most other tissues, including 
spleen, thymus, prostate, ovary, and placenta. Prolonged 
exposures were required for detection in lung and liver. 
MOAT-D was expressed as an approximately 6 kb transcript 
(middle panels). Compared to MOATC, the MOAT-D 
expression pattern was more restricted. MOAT-D was highly 
expressed in colon and pancreas, with lower levels in liver 
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and kidney. Low levels were detected in small intestine, 
placenta and prostate. Prolonged exposures were required to 
detect MOAT-D in testes, thymus, spleen and lung. 
Chromosomal localization of the MOAT-C and MOAT-D 
genes. 
The MOAT-C and MOAT-D chromosomal localizations 

were determined by fluorescence in situ hybridization. As 
shown in FIG. 8, hybridization of the MOAT-C probe to 
metaphase spreads revealed specific labeling at human chro 
mosome band 3q27. Fluorescent signals were detected on 
chromosome 3q in each of 22 metaphase spreads scored. Of 
75 signals observed, 43 (57%) were on 3q. Paired (on sister 
chromatids) signals were only seen at band 3q27. Hybrid 
ization of the MOAT-D probe revealed specific labeling at 
human chromosome band 17q21.3. Fluorescent signals were 
detected on chromosome 17 in each of 21 metaphase spreads 
scored. Of 83 signals observed, 34 (41%) were on 17q21.3. 
Paired (on sister chromatids) signals were only seen at band 
17q21.3. 

EXAMPLE III 

Isolation of MOAT-E and MOAT-E cDNA. 

Analysis of ara, a reported cDNA sequence that encodes 
a 453 amino acid transporter, revealed that it is a non 
physiological sequence representing a combination of 5' 
MRP sequences fused to an MRP/cMOAT-related trans 
porter. The MRP sequences extend to codon 8 of the 
reported predicted protein. 
To isolate the complete physiological clNA, a RT/PCR 

approach was employed in which primers were designed 
based upon a reported genomic sequence that encodes exons 
identical to the reported ara sequence. The MOAT-E cDNA 
was isolated in three segments. The first segment, spanning 
residues 1-616, was isolated by PCR using 5' primer ATG 
GCCGCGCCTGCTGAGC: (SEQ ID NO: 10)and 3' primer 
GTCTACGACACCAGGGTCAA (SEQ ID NO: 11). The 
second segment, spanning residues 1815-3187, was isolated 
by PCR using 5' CTGCCTGGAAGAAGTTGACC (SEQID 
NO: 12) and 3' primer CTGGAATGTCCACGTCAACC 
(SEQ ID NO: 13). The third segment, spanning residues 
3158-1503, was isolated by PCR using 5' primer GGAGA 
CAGACACGGTTGACG (SEQ ID NO: 14) and 3' primer 
GCAGACCAGGCCTGACTCC (SEQ ID NO: 15). The 
primer were designed based upon the nucleotide sequence of 
human genomic BAC clone CIT987SD-962B4. The tem 
plate for these reactions was random-primed human kidney 
cDNA prepared from total RNA. Using this approach the 
physiological cDNA was isolated which is designated 
MOAT-E herein and set forth as Sequence I.D. No. 7. 
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Analysis of the MOAT-E Predicted Protein. 
MOAT-E encodes a 1503 amino acid transporter. The 

MOAT-E predicted amino acid sequence is designated 
Sequence I.D. No. 8. See FIG. 9. Also shown is the location 
of potential transmembrane helices (overbars), potential 
N-glycosylation site (black dot) and the two nucleotide 
binding folds (NBF1 and NBF2). Walker A and B motifs, as 
well as the signature C motif of ABC transporters are also 
indicated. Comparison of MOAT-E with ara indicates that 
the ara predicted protein is not only a fused sequence, but 
also that it represents only 446 (-30%) of the 1503 MOAT-E 
residues. 

Comparison of MOAT-E with the other members of the 
MRP/cMOAT subfamily, which include MRP, cMOAT, 
MOAT-B, MOAT-C and MOAT-E, is shown in Table IV. 
MOAT-E is highly related to MOAT-D, MRP and cMOAT, 
with which it shares 39-45% identity. This high degree of 
identity is also indicated by the high percent identities of the 
nucleotide binding folds, which range from 55-61%. In 
contrast, MOAT-E is less related to MOAT-B and MOAT-C, 
with which it shares -31% and 34% identity, respectively. 

TABLE IV 
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MOAT-E and analysis of its sequence and expression pattern 
Suggest that it may be involved in cellular resistance to drugs 
and/or the excretion of drugs into the urine and bile. 

DISCUSSION 

The present invention discloses additional MRP/cMOAT 
related transporters which were identified by using a degen 
erative PCR cloning approach in which the conserved amino 
terminal ATP-binding domain of known eukaryotic trans 
porters was targeted. Using this approach the complete 
coding sequences of MOAT-B, MOAT-C. MOAT-D and 
MOAT-E were obtained. MOAT-B is a protein whose pre 
dicted structure indicates that it is a member of the ABC 
transporter family. Comparison of the MOAT-B predicted 
protein with other transporters reveals that it is most closely 
related to MRP, cMOAT and yeast YCF1, and thus extends 
the number of known full length MRP-related transporters. 
The similarity of MOAT-B to these transporters suggest that 
it shares a similar substrate specificity. Transport assays 
using membrane vesicle preparations indicate that MRP is 

Amino acid identity among MRP cMOAT Sub-family members. 
The bold type indicates the percent identity of the overall 
proteins, and the parentheses indicates the percent identity 

of the nucleotide binding folds. 

MOATE MOATB MOATC MOAT-D MRP cMOAT 
% identity 

MOAT-E - 33.9 30.6 43.6 45.1 38.9 

(52.0/56.6) (50.0/52.5) (59.3/59.4) (61.3/614) (55.3/59.4) 
MOATB 33.9 36.4 35.3 39.4 36.8 

(52.0/56.6) – (49.3/59.1) (55.3/54.1) (57.3/61.6) (56.0/572) 
MOATC 300 36.4 33.1 35.8 36.2 

(50.0/52.5) (49.3/59.1) – (57.3/58.9) (60.6/59.4) (61.3/60.6) 
MOAT-D 436 35.3 33.1 57.3 46.9 

(59.3/59.4) (55.3/54.1) (57.3/58.9) (70 7/73.8) (67.3/70.0) 
MRP 45.1 39.4 35.8 57.3 48.4 

(61.3/61.9) (57.3/61.6) (60.0/59.4) (70.7/73.8) – (66.0/73 1) 
cMOAT 38.9 36.8 36.2 46.9 48.4 

(53.1/59.4) (56.0/57.2) (61.3/60.6) (67.3/70.0) (66.0/73.1) – 

overall amino acid identifies are indicated in bold-face, and identities of nucleotide binding folds 1 
and 2 are indicated in parentheses (NBF1/NBF2). 
percent identity was obtained using the GAP command in the GCG package. 

Comparison of the hydropathy profile of MOAT-E with 
other members of the MRP/cMOAT subfamily if shown in 
FIG. 10. The data reveal that MOAT-E has a hydrophobic 
N-terminal segment that is present in its closest relatives, 
MOAT-D, MRP and cMOAT. This structural feature is 
present in all of the currently known organic anion trans 
porters, and Suggests that MOAT-E may share substrate 
specificity with MRP and cMOAT, MOAT-E may also share 
the drug resistance activity of the latter two proteins. In 
contrast, MOAT-B and MOAT-C do not have this hydro 
phobic N-terminal extension. 

Expression Pattern of MOAT-E in Human Tissues. 
In a Northern blot of RNA isolated from various tissues, 

MOAT-E expression is restricted to liver and kidney, Sug 
gesting that MOAT-E may participate the excretion of sub 
stances into the urine and bile. See FIG. 11. This figure also 
shows that MOAT-E is expressed as an ~6 kB transcript. 
This is in contrast to the -2.3 kB transcript that was reported 
for ara, clearly indicating that the fused ara transcript is 
unique to the cell line from which it was isolated, and is not 
a physiological transcript. Together, the isolation of 
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capable of transporting diverse organic anions, including 
glutathione S-conjugates Such as LTC oxidized glu 
tathione, and glucuronidated and Sulfated conjugates of 
steroid hormones and bile salts (7). Although membrane 
vesicle transport assays of Substrate specificity using 
cMOAT-transfected cells have not yet been reported, genetic 
and biochemical studies using TR and EHBR rat strains, 
which are defective in the hepatobiliary excretion of glu 
tathione and glucuronate conjugates, indicate that it is also 
an ATP-dependent transporter of organic anions. cMOAT, 
which is primarily expressed in the canalicular membrane of 
hepatocytes, has been reported to be absent in these rat 
strains, and hepatocyte canalicular membranes prepared 
from the mutant rats are deficient in the ATP-dependent 
transport of glutathione and glucuronate conjugates (23,24). 
In addition, cMOAT protein has also been reported to be 
absent in the hepatocytes of patients with Dubin-Johnson 
syndrome (25), a disorder manifested by chronic conjugated 
hyperbilirubinemia. YCF1, a yeast transporter, has also been 
demonstrated to transport glutathione complexes (26). Thus, 
based upon the similarity of MOAT-B to these three trans 
porters, it is possible that it also functions to transport 
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organic anions, an activity critical to the cellular detoxifi 
cation of a wide range of Xenobiotics. 
MOATC, MOAT-D and MOAT-E are three other MRP/ 

cMOAT-related transporters. The isolation of these two 
transporters extends the number of known full length mem 
bers of this subfamily to six. Based upon the degree of amino 
acid similarity and overall topology these six proteins fall 
into two groups. The first group is composed of MOAT-D, 
MOAT-E, MRP and cMOAT. These four transporters are 
highly related, sharing -39-45% amino acid identity. 
MOAT-D is more closely related to MRP (57% identity) than 
is cMOAT (48% identity), and is therefore the closest known 
relative of MRP. In addition to a high degree of amino acid 
identity, the similarity between MOAT-D, MRP and 
cMOAT, also extends to overall topology. Like MRP and 
cMOAT, MOAT-D and MOAT-E have three membrane 
spanning domains, including an N-terminal hydrophobic 
extension that is predicted to harbor -5 transmembrane 
helices, and which is absent in transporters such as CFTR 
and MDR1. This N-terminal extension is also present in 
YCF1, a related yeast transporter that transports glutathione 
S-conjugates, and SUR, a more distantly related transporter 
involved in the regulation of potassium channels. The sec 
ond group of MRP/cMOAT-related transporters is composed 
of MOAT-B and MOATC. These two transporters are 
distinguished from the first group by their lower level of 
amino acid similarity and distinct topology. Like MOAT-D 
and MOAT-E, MOAT-B and MOAT-C are more closely 
related to MRP (39% and 36%, respectively) and cMOAT 
(37% and 36%, respectively) than to other eukaryotic trans 
porters. However, they share considerably less similarity 
with MRP, cMOAT, MOAT-D and MOAT-E than the latter 
four transporters share with each other (-39-45% identity). 
In addition, in contrast to MRP, cMOAT, MOAT-D and 
MOAT-E, MOAT-B and MOAT-C do not have an N-terminal 
membrane spanning domain, and their topology is therefore 
more similar to many other eukaryotic ABC transporters that 
also have only two membrane spanning domains. 

Defining the contributions of MOAT-B, MOAT-C, 
MOAT-D and MOAT-E to cytotoxic drug resistance will 
facilitate the design of novel chemotherapeutic agents. The 
multidrug resistance activity of MRP is well described. 
While the drug sensitivity pattern of cMOAT-transfected 
cells has not yet been reported, the possibility that it may 
also confer resistance to cytotoxic drugs is suggested by a 
recent report in which transfection of a cMOAT antisense 
vector was found to enhance the sensitivity of a human liver 
cancer cell line to both natural product drugs and cisplatin. 
Since MOAT-D and MOAT-E are more closely related to 
MRP than is cMOAT, the possibility that they will also 
confer resistance is particularly intriguing. The availability 
of the MOAT-B, MOAT-C, MOAT-D and MOAT-E cDNAs 
will facilitate the analysis of their possible contributions to 
cytotoxic resistance. 
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invention have been described and specifically exemplified 
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embodiments. Various modifications may be made thereto 
without departing from the scope and spirit of the present 
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Wall 
565 

Ile 

Teu 

Glin 

Ser 

Gly 
645 

Ser 

Glin 

Glu 

Ala 

Glin 
725 

Lys 

Glu 

Wall 

Wall 

Ile 
805 

Ile 

Pro 

Wall 

Wall 

Ser 
470 

Ser 

Glu 

Glin 

Pro 

Tyr 
550 

Asp 

Teu 

Lys 

Lys 

Teu 
630 

Thr 

Glin 

Gly 

His 
710 

Wall 

Glin 

Lys 

Ala 

Teu 
790 

Teu 

Teu 

Teu 

Wall 

Pro 
870 

39 

455 

Wall 

Gly 

Teu 

Teu 
535 

Glin 

Ala 

His 

Ala 

Gly 
615 

Teu 

Pro 

Glin 

Thr 

Lys 
695 

Trp 

Ala 

Ser 

Teu 

Thr 
775 

Wall 

Lys 

Asn 

Thr 

Ser 
855 

Teu 

His Gly 

Thir Leu 

Tyr Glu 
505 

Leu Glu 
52O 

Ser Gly 

Asp Ala 

Glu Wall 

Glu Lys 
585 

Ala Ser 
600 

Thr Tyr 

Lys Lys 

Thir Leu 

Ser Ser 
665 

Glu Asn 
680 

Val Gly 

Ile Wall 

Tyr Val 

Met Leu 
745 

Asp Lieu 
760 

Wall Leu 

Asn. Ser 

Ala Pro 

Arg Phe 
825 

Phe Leu 
840 

Wall Ala 

Gly Ile 

Arg 

Arg 
490 

Lys 

Asp 

Gly 

Asp 

Ser 
570 

Ile 

Glin 

Thr 

Asp 

Arg 
650 

Arg 

Wall 

Phe 

Phe 

Telu 
730 

Asn 

Asn 

Phe 

Ser 

Wall 
810 

Ser 

Asp 

Wall 

Ile 

Ile 
475 

Ser 

Wall 

Gly 

Glin 

Ile 
555 

Arg 

Thr 

Ile 

Glu 

Asn 
635 

Asn 

Pro 

Pro 

Glin 

Ile 
715 

Glin 

Wall 

Trp 

Gly 

Glin 
795 

Teu 

Lys 

Phe 

Ala 

Phe 
875 
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460 

Ala 

Asn 

Ile 

Asp 

Lys 
540 

His 

Ile 

Teu 

Phe 

Glu 

Arg 

Ser 

Wall 

Ala 
7 OO 

Phe 

Asp 

Thr 

Ile 
78O 

Thr 

Phe 

Asp 

Ile 

Wall 
860 

Ile 

Teu 
525 

Ala 

Teu 

Teu 

Teu 

Ile 
605 

Teu 

Glu 

Thr 

Teu 

Thr 
685 

Teu 

Trp 

Wall 

Teu 
765 

Ala 

Teu 

Phe 

Ile 

Glin 
845 

Ile 

Phe 

Wall 

Telu 

Ala 

Thr 

Arg 

Telu 

Phe 

Wall 
59 O 

Telu 

Ser 

Phe 

Lys 
67 O 

Telu 

Ile 

Trp 

Asn 
750 

Gly 

Arg 

His 

Asp 

Gly 

Thr 

Pro 

Telu 

Ser 

Phe 
495 

Wall 

Wall 

Asp 

Glu 
575 

Thr 

Ser 

Glu 

Ser 
655 

Asp 

Ser 

Asn 

Telu 

Telu 
735 

Gly 

Ile 

Ser 

Asn 

Arg 
815 

His 

Telu 

Trp 

Arg 

Glin 
480 

Gly 

Ala 

Ile 

Asn 

Asp 
560 

Telu 

His 

Asp 

Gly 

Glin 
640 

Glu 

Gly 

Glu 

Telu 
720 

Ser 

Gly 

Telu 

Lys 

Asn 

Telu 

Telu 

Ile 

Arg 
88O 

40 
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Tyr Phe Leu Glu Thir Ser Arg Asp Val Lys Arg Leu Glu Ser Thr Thr 
885 890 895 

Arg Ser Pro Val Phe Ser His Leu Ser Ser Ser Leu Gln Gly Leu Trp 
9 OO 905 910 

Thir Ile Arg Ala Tyr Lys Ala Glu Glu Arg Cys Glin Glu Lieu Phe Asp 
915 920 925 

Ala His Glin Asp Leu. His Ser Glu Ala Trp Phe Leu Phe Leu Thir Thr 
930 935 940 

Ser Arg Trp Phe Ala Val Arg Lieu. Asp Ala Ile Cys Ala Met Phe Val 
945 950 955 96.O 

Ile Ile Val Ala Phe Gly Ser Lieu. Ile Leu Ala Lys Thr Lieu. Asp Ala 
965 970 975 

Gly Glin Val Gly Leu Ala Leu Ser Tyr Ala Leu Thir Leu Met Gly Met 
98O 985 99 O 

Phe Glin Trp Cys Val Arg Glin Ser Ala Glu Val Glu Asn Met Met Ile 
995 10 OO 1005 

Ser Val Glu Arg Val Ile Glu Tyr Thr Asp Leu Glu Lys Glu Ala Pro 
1010 1015 1020 

Trp Glu Tyr Gln Lys Arg Pro Pro Pro Ala Trp Pro His Glu Gly Val 
1025 1030 1035 1040 

Ile Ile Phe Asp Asn Val Asn Phe Met Tyr Ser Pro Gly Gly Pro Leu 
1045 105 O 1055 

Val Lieu Lys His Lieu. Thir Ala Lieu. Ile Lys Ser Glin Glu Lys Val Gly 
1060 1065 1 OFO 

Ile Val Gly Arg Thr Gly Ala Gly Lys Ser Ser Lieu. Ile Ser Ala Lieu 
1075 1080 1085 

Phe Arg Lieu Ser Glu Pro Glu Gly Lys Ile Trp Ile Asp Lys Ile Leu 
1090 1095 1100 

Thir Thr Glu Ile Gly Lieu. His Asp Leu Arg Lys Lys Met Ser Ile Ile 
1105 1110 1115 1120 

Pro Glin Glu Pro Val Leu Phe Thr Gly Thr Met Arg Lys Asn Leu Asp 
1125 1130 1135 

Pro Phe Lys Glu His Thr Asp Glu Glu Lieu Trp Asn Ala Lieu Arg Glu 
1140 1145 1150 

Val Glin Leu Lys Glu Thir Ile Glu Asp Leu Pro Gly Lys Met Asp Thr 
1155 1160 1165 

Glu Lieu Ala Glu Ser Gly Ser Asn. Phe Ser Val Gly Glin Arg Glin Lieu 
1170 1175 118O 

Val Cys Lieu Ala Arg Ala Ile Leu Arg Lys Asn Glin Ile Lieu. Ile Ile 
1185 11.90 11.95 1200 

Asp Glu Ala Thr Ala Asn Val Asp Pro Arg Thr Asp Glu Lieu. Ile Glin 
1205 1210 1215 

Lys Lys Ile Arg Glu Lys Phe Ala His Cys Thr Val Lieu. Thir Ile Ala 
1220 1225 1230 

His Arg Lieu. Asn. Thir Ile Ile Asp Ser Asp Lys Ile Met Val Lieu. Asp 
1235 1240 1245 

Ser Gly Arg Lieu Lys Glu Tyr Asp Glu Pro Tyr Val Lieu Lieu Glin Asn 
1250 1255 1260 

Lys Glu Ser Lieu Phe Tyr Lys Met Val Glin Glin Leu Gly Lys Ala Glu 
1265 1270 1275 1280 

Ala Ala Ala Lieu. Thr Glu Thr Ala Lys Glin Val Tyr Phe Lys Arg Asn 
1285 1290 1295 
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Ser 

Ser 

Asn 
145 

Gly 

Thr 

Gly 

Glin 

Teu 
225 

Ala 

Met 

Teu 

Glu 

Ile 
305 

Teu 

Ser 

Glu 

Arg 
385 

Ile 

Thr 

Ala 

Wall 

Asp 
465 

Asn 

Teu 

Thr 

Trp 

Met 
130 

Pro 

Arg 

Phe 

Ala 
210 

Telu 

Telu 

Ala 

Gly 

Ala 
29 O 

Telu 

Gly 

Arg 

Arg 

Met 
370 

Glu 

Thr 

Phe 

Phe 

Thr 
450 

Arg 

Ala 

Pro 

Telu 
115 

Glu 

Arg 

Asp 

Telu 

Ser 
195 

Thr 

Telu 

Asn 

Phe 

Glu 
275 

Ala 

Gly 

Ser 

Telu 

Wall 
355 

Glu 

Wall 

Ser 

Thr 
435 

Pro 

Phe 

Pro 

Trp 

Lys 
515 

100 

Ser 

Asp 

Ala 

Ile 
18O 

Gly 

Glu 

Thr 

Tyr 

Lys 
260 

Telu 

Ala 

Met 

Ala 

Thr 
340 

Glin 

Ala 

Glu 

Gly 

Wall 
420 

Wall 

Phe 

Lys 

Ala 

Asp 
5 OO 

Met 

Ser 

Wall 

Teu 

Ala 
1.65 

Teu 

Pro 

Ser 

Glu 

Arg 
245 

Lys 

Ile 

Wall 

Ile 

Wall 
325 

Ala 

Lys 

Trp 

Wall 
405 

His 

Wall 

Ser 

Ser 

Ser 
485 

Ser 

Lys 

Teu 

Trp 

Glu 
15 O 

Ser 

Ser 

Ala 

Asn 

Ile 
230 

Thr 

Ile 

Asn 

Gly 

Tyr 
310 

Phe 

Tyr 

Met 

Wall 

Arg 
390 

Ala 

Met 

Thr 

Wall 

Teu 
470 

Pro 

Ser 

Lys 

49 

Ala 

Ser 
135 

Arg 

Teu 

Ile 

Phe 

Teu 
215 

Wall 

Gly 

Teu 

Ile 

Ser 
295 

Asn 

Ile 

Phe 

Asn 

Lys 
375 

Ile 

Pro 

Thr 

Wall 

Lys 
455 

Phe 

His 

His 

Arg 
120 

Telu 

Telu 

Wall 

Met 
200 

Glin 

Arg 

Wall 

Lys 

Cys 
280 

Telu 

Wall 

Telu 

Glu 
360 

Ala 

Telu 

Ile 

Telu 

Phe 
4 40 

Ser 

Telu 

Ile 

Ser 

Lys 
52O 

105 

Wall 

Ser 

Trp 

Cys 
185 

Wall 

Tyr 

Ser 

Arg 

Telu 
265 

Ser 

Telu 

Ile 

Phe 

Arg 
345 

Wall 

Phe 

Glu 

Wall 

Gly 
425 

Asn 

Telu 

Met 

Lys 

Ser 
505 

Arg 

Ala 

Glin 

Wall 
170 

Telu 

Ser 

Trp 

Telu 
250 

Asn 

Ala 

Ile 

Tyr 
330 

Telu 

Ser 

Wall 
410 

Phe 

Ser 

Ser 

Glu 

Ile 
490 

Ile 

Ala 

His 

His 

Glu 
155 

Wall 

Met 

His 

Teu 

Ser 
235 

Arg 

Asn 

Asp 

Gly 

Teu 
315 

Pro 

Thr 

Glin 

Ala 
395 

Wall 

Asp 

Met 

Glu 

Glu 
475 

Glu 

Glin 

Ser 
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Glu 
1 4 0 

Glu 

Trp 

Ile 

Teu 

Teu 
220 

Teu 

Wall 

Ser 

Gly 

Ile 

Teu 

Thr 

Ala 
460 

Wall 

Met 

Asn 

Arg 

Lys 
125 

Ser 

Teu 

Ile 

Thr 

Teu 

Teu 

Ala 

Ala 

Glin 
285 

Pro 

Pro 

Met 

Ala 

Ile 
365 

Wall 

Tyr 

Ala 

Thr 

Phe 
4 45 

Ser 

His 

Ser 

Gly 
525 

110 

Gly 

Ser 

Asn 

Phe 

Glin 
19 O 

Glu 

Wall 

Telu 

Ile 

Glu 
27 O 

Arg 

Wall 

Thr 

Met 

Ala 
35 O 

Glin 

Phe 

Ser 

Ala 
43 O 

Ala 

Wall 

Met 

Asn 

Pro 
51O. 

Glu 

Asp 

Glu 

Cys 
175 

Telu 

Telu 

Thr 

Telu 
255 

Met 

Wall 

Gly 

Phe 
335 

Thr 

Phe 

Glin 

Wall 
415 

Ala 

Telu 

Ala 

Ile 

Ala 
495 

Telu 

Wall 

Wall 
160 

Arg 

Ala 

Thr 

Gly 

Trp 
240 

Thr 

Ser 

Phe 

Ala 

Phe 
320 

Ala 

Asp 

Ile 

Ile 

Gly 
400 

Wall 

Glin 

Wall 

Lys 
480 

Thr 

Telu 

Glu 

50 



Glin 
545 

Glu 

Thr 

Ile 

Teu 

Phe 
625 

Asp 

Wall 

Ser 

Glin 

Ile 
705 

Asn 

Wall 

Wall 

Glu 

Teu 
785 

Ser 

Wall 

Teu 

Teu 
865 

Ser 

Asn 

Wall 
530 

Lys 

Glu 

Telu 

Cys 

Gly 
610 

Ala 

Asn 

Telu 

Asp 

Arg 
69 O. 

Tyr 

His 

Telu 

Ile 

Telu 
770 

Telu 

Gly 

Glu 

Ile 
85 O 

Phe 

Tyr 

Glu 

Tyr 

Ala 
930 

Arg 

Gly 

Glu 

His 

Gly 
595 

Glin 

Tyr 

Ile 

Asn 

Telu 
675 

Glin 

Ile 

Ile 

Phe 

Phe 
755 

Met 

Gly 

Ser 

Glu 
835 

Glin 

Met 

Trp 

Thr 

Ala 
915 

Ile 

Glin 

His 

Gly 

Ser 

Ser 

Met 

Wall 

Telu 

Ser 
660 

Thr 

Arg 

Telu 

Phe 

Wall 
740 

Met 

Asn 

Glu 

Glin 

Glu 
820 

Ala 

Telu 

Ile 

Ser 
9 OO 

Ser 

Arg 

Teu 

Teu 

Lys 
565 

Ile 

Wall 

Thr 

Ala 

Phe 
645 

Cys 

Glu 

Ile 

Asp 

Asn 
725 

Thr 

Lys 

Teu 

Thr 

Lys 
805 

Lys 

Gly 

Ala 

Asn 

Lys 
885 

Wall 

Ile 

Gly 

Glin 

Teu 
550 

His 

Gly 

Teu 

Glin 
630 

Gly 

Cys 

Ile 

Ser 

Asp 
710 

Ser 

His 

Glu 

Asn 

Pro 
790 

Lys 

Ala 

Glin 

Gly 

Wall 
870 

Glin 

Ser 

Tyr 

Wall 

51 

Arg 
535 

Teu 

Ile 

Teu 

Ser 

Teu 
615 

Glin 

Lys 

Teu 

Gly 

Teu 
695 

Pro 

Ala 

Glin 

Gly 

Gly 
775 

Pro 

Ser 

Wall 

Gly 

Gly 
855 

Gly 

Gly 

Asp 

Ala 

Wall 
935 

Thr 

Asp 

His 

Glu 

Gly 
600 

Glu 

Ala 

Glu 

Glu 
680 

Ala 

Telu 

Ile 

Telu 

Cys 
760 

Asp 

Wall 

Glin 

Lys 

Ser 
840 

Pro 

Ser 

Ser 

Ser 

Telu 
920 

Phe 

Glu 

Ser 

Telu 

Ile 
585 

Lys 

Gly 

Trp 

Tyr 

Pro 
665 

Arg 

Arg 

Ser 

Arg 

Glin 
745 

Ile 

Tyr 

Glu 

Asp 

Pro 
825 

Wall 

Telu 

Thr 

Gly 

Met 
905 

Ser 

Wall 

His 

Asp 

Gly 
570 

Glin 

Thr 

Ser 

Ile 

Asp 
650 

Asp 

Gly 

Ala 

Ala 

Lys 
730 

Tyr 

Thr 

Ala 

Ile 

Lys 
810 

Glu 

Pro 

Ala 

Ala 

Asn 
890 

Lys 

Met 

Lys 

Glin 

Glu 
555 

His 

Glu 

Ser 

Ile 

Teu 
635 

Glu 

Teu 

Ala 

Teu 

Teu 
715 

His 

Teu 

Glu 

Thr 

Asn 
795 

Gly 

Glu 

Trp 

Phe 

Phe 
875 

Thr 

Asp 

Ala 

Gly 
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Ala 
540 

Arg 

Teu 

Gly 

Teu 

Ala 

Asn 

Glu 

Ala 

Asn 

Tyr 
7 OO 

Asp 

Teu 

Wall 

Arg 

Ile 

Ser 

Pro 

Gly 

Ser 

Teu 
860 

Ser 

Thr 

Asn 

Wall 

Thr 
940 

Wall 

Pro 

Arg 

Lys 

Ile 
605 

Ile 

Ala 

Arg 

Ile 

Teu 
685 

Ser 

Ala 

Asp 

Gly 
765 

Phe 

Glin 

Wall 
845 

Wall 

Thr 

Wall 

Pro 

Met 
925 

Teu 

Telu 

Ser 

Telu 

Telu 
59 O 

Ser 

Ser 

Thr 

Telu 
67 O 

Ser 

Asp 

His 

Ser 

Cys 
750 

Thr 

Asn 

Thr 

Telu 

Ile 

Trp 

Thr 

His 
910 

Telu 

Arg 

Ala 

Pro 

Glin 
575 

Wall 

Ala 

Gly 

Telu 

Asn 
655 

Pro 

Gly 

Arg 

Wall 

Lys 
735 

Asp 

His 

Asn 

Glu 

Gly 
815 

Wall 

Gly 

Met 

Trp 

Arg 
895 

Met 

Ile 

Ala 

Glu 

Glu 
560 

Arg 

Gly 

Ile 

Thr 

Arg 
640 

Ser 

Ser 

Gly 

Ser 

Gly 
720 

Thr 

Glu 

Glu 

Telu 

Thr 

Ser 

Glin 

Wall 

Ala 

Telu 

Gly 

Glin 

Telu 

Ser 

52 
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Ser Arg Lieu. His Asp Glu Lieu Phe Arg Arg Ile Leu Arg Ser Pro 
945 950 955 

Lys Phe Phe Asp Thr Thr Pro Thr Gly Arg Ile Leu Asn Arg Phe 
965 970 975 

Lys Asp Met Asp Glu Val Asp Val Arg Lieu Pro Phe Glin Ala Glu 
98O 985 99 O 

Phe Ile Glin Asn Val Ile Leu Val Phe Phe Cys Val Gly Met Ile 
995 10 OO 1005 

Gly Val Phe Pro Trp Phe Leu Val Ala Val Gly Pro Leu Val Ile 
1010 1015 1020 

Phe Ser Val Leu. His Ile Val Ser Arg Val Leu Ile Arg Glu Leu 
1025 1030 1035 

Arg Leu Asp Asin Ile Thr Glin Ser Pro Phe Leu Ser His Ile Thr 
1045 105 O 1055 

Ser Ile Glin Gly Lieu Ala Thir Ile His Ala Tyr Asn Lys Gly Glin 
1060 1065 1 OFO 

Phe Lieu. His Arg Tyr Glin Glu Lieu Lieu. Asp Asp Asn Glin Ala Pro 
1075 1080 1085 

Phe Leu Phe Thr Cys Ala Met Arg Trp Lieu Ala Val Arg Lieu. Asp 
1090 1095 1100 

Ile Ser Ile Ala Leu Ile Thr Thr Thr Gly Leu Met Ile Val Leu 
1105 1110 1115 

His Gly Glin Ile Pro Pro Ala Tyr Ala Gly Leu Ala Ile Ser Tyr 
1125 1130 1135 

Val Glin Leu Thr Gly Leu Phe Glin Phe Thr Val Arg Leu Ala Ser 
1140 1145 1150 

Thr Glu Ala Arg Phe Thr Ser Val Glu Arg Ile Asn His Tyr Ile 
1155 1160 1165 

Thr Lieu Ser Lieu Glu Ala Pro Ala Arg Ile Lys Asn Lys Ala Pro 
1170 1175 118O 

Pro Asp Trp Pro Gln Glu Gly Glu Val Thr Phe Glu Asn Ala Glu 
1185 11.90 11.95 

Arg Tyr Arg Glu Asn Lieu Pro Leu Val Lieu Lys Lys Wal Ser Phe 
1205 1210 1215 

Ile Llys Pro Lys Glu Lys Ile Gly Ile Val Gly Arg Thr Gly Ser 
1220 1225 1230 

Lys Ser Ser Lieu Gly Met Ala Lieu Phe Arg Lieu Val Glu Lieu Ser 
1235 1240 1245 

Gly Cys Ile Lys Ile Asp Gly Val Arg Ile Ser Asp Ile Gly Lieu 
1250 1255 1260 

Asp Leu Arg Ser Lys Lieu Ser Ile Ile Pro Glin Glu Pro Val Lieu 
1265 1270 1275 

Ser Gly. Thr Val Arg Ser Asn Leu Asp Pro Phe Asn Gln Tyr Thr 
1285 1290 1295 

Asp Glin Ile Trp Asp Ala Leu Glu Arg Thr His Met Lys Glu Cys 
1300 1305 1310 

Ala Glin Leu Pro Leu Lys Lieu Glu Ser Glu Wal Met Glu Asn Gly 
1315 1320 1325 

Asn Phe Ser Val Gly Glu Arg Glin Lieu Lieu. Cys Ile Ala Arg Ala 
1330 1335 1340 

Leu Arg His Cys Lys Ile Lieu. Ile Leu Asp Glu Ala Thr Ala Ala 
1345 1350 1355 

Asp Thr Glu Thir Asp Lieu Lleu. Ile Glin Glu Thir Ile Arg Glu Ala 

Met 
96.O 

Ser 

Met 

Ala 

Telu 

Lys 
1040 

Ser 

Glu 

Phe 

Telu 

Met 
1120 

Ala 

Glu 

Lys 

Ser 

Met 
1200 

Thr 

Gly 

Gly 

Ala 

Phe 
1280 

Glu 

Ile 

Asp 

Telu 

Met 
1360 

Phe 
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ccatgacctg 

cctg.cgcatg 

ggagctgtc.c 

CtcagagggC 

cctgctcc.gc 

gactgacaac 

catcgcacac 

agtagtagct 

gatggC Caga 

citggittittca 

acactggggg 

atgctittaga 

tittgagccag 

tgcactgttt 

attittctaala 

cagotgctgg 

to cattaaaa. 

cgctotcago 

aacct g gacc 

caccitgcaca 

ggggagaatc 

alaga.gc.cgca 

citcatcCagg 

cggcttaa.ca 

gaatttgatt 

gatgctggac 

tdaggaagga 

caccittaaga 

tgaggaaatg 

ttagacitagt 

toaaataacg 

gtttcgtttc 

gtoaggccac 

atgggagtac 

<210> SEQ ID NO 6 
&2 11s LENGTH 1527 
&212> TYPE PRT 

59 

tgaccatcat 

cctitcggcag 

cgtttgtgag 

tdag C9tggg 

toctd gttitt 

citaccatcc.g 

citatcatgga 

citc.ca.gc.caa 

ttgcctaaaa 

aatgacacca 

ttittgcacct 

atccccaagt 

ccc.cggtotc 

attittatgaa 

tgttttittaa 

cccitaggaac 

tgatgaaata 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 6 

Met Asp Ala 
1 

Ser Asn Lieu 

Glin Asn. Ser 
35 

Leu Pro Cys 
50 

Ile Leu Ser 
65 

Trp Cys Val 

His Gly Arg 

Gly Val Thr 
115 

Gln Gly Val 
130 

Val Val Cys 
145 

Ala Glu Gly 

His Phe Ala 

Lys Pro Pro 

Lieu. Cys Gl 
5 

y Ser Gly 

Ser Wal His Thr Glu 

Leu Lleu Al a Trp Val 
40 

Tyr Lieu Lleu Tyr Lieu 
55 

His Leu Ser Lys Lieu 
70 

Ser Trp Al 
85 

Ala Pro Al 
100 

a Asp Lieu 

a Pro Wall 

Met Leu Leu Ala Thr 
120 

Gln Ser Ser Gly Val 
135 

Ala Ile Wall Pro Phe 
15 O 

Glu Ile Ser Asp Pro 
1.65 

Leu Wall Leu Ser Ala 
18O 

Phe Phe Ser Ala Lys 

ccc.gcaggac 

citacticagag 

citcc.ca.gc.cg 

Ccagagg Cag 

agacgaggcC 

caccoagttt 

citacaccagg 

cctcattgca 

tatattoct9. 

aatatgtc.cg 

gtaaagtgcc 

ggtgaatgac 

ccg attccca 

atgaccitctg 

taaaaag citt 

tdagtcctgt 

aaactacag 

Glu Lieu Gly 
10 

Asn Pro Asp 
25 

Pro Cys Ile 

Arg His His 

Lys Met Val 
75 

Phe Tyr Ser 
90 

Phe Phe Wall 
105 

Leu Lieu. Ile 

Lieu. Ile Ile 

Arg Ser Lys 
155 

Phe Arg Phe 
170 

Lieu. Ile Leu 
185 

Asn Val Asp 
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cccatcctgt 

gagga cattt 

gCaggcCt9.g 

citcgtgtgcc 

acagotgc.ca 

gatacct gca 

gtoctogtoc 

gctagaggca 

agattitcctc 

cagaatggac 

ttacagggta 

acgccita agg 

actgagtgtt 

tootocotct 

titt.ccitcctg 

actctggggit 

Ser Lys Phe 

Leu. Thr Pro 
30 

Tyr Leu Trp 
45 

Cys Arg Gly 
60 

Leu Gly Val 

Phe His Gly 

Thr Pro Leu 
110 

Gln Tyr Glu 
125 

Phe Trp Phe 
1 4 0 

Ile Leu Lieu 

Thir Thr Phe 

Ala Cys Phe 
19 O 

Pro Asn. Pro 

ued 

totcggggac 

ggtgggctitt 

actitccagtg 

tggc.ccgagc 

to gacctgga 

citgtc.ctgac 

tggacaa agg 

tottctacgg 

citggcctttc 

ttgatagdaa 

actgtgctda 

to acago tag 

atttgcacac 

gatttittcat 

galacaga aga 

gct gcctgaa 

Trp Asp 
15 

Cys Phe 

Wall Ala 

Tyr Ile 

Telu Telu 
8O 

Leu Wall 
95 

Wal Wall 

Arg Lieu 

Lieu. Cys 

Ala Lys 
160 

Tyr Ile 
175 

Arg Glu 

Tyr Pro 

414 O 

4200 

4260 

4320 

4.380 

4 440 

4500 

45 60 

4680 

474. O 

4800 

4860 

4920 

4.980 

5040 

5. Of 9 

60 



Glu 

Lys 
225 

Trp 

Teu 

Ser 

Gly 

Ala 
305 

Glin 

Arg 

Ala 

His 

Ile 
385 

Ala 

Ala 

Gly 

Teu 
465 

Met 

Gly 

Glin 

Ala 

Teu 
545 

Asn 

Ile 

Thr 

Glu 

Thr 
210 

Met 

Ser 

Glu 

Ala 

Ala 
29 O 

Thr 

Asp 

Phe 

Gly 

Tyr 
370 

Met 

Arg 

Glin 

Pro 

Pro 
450 

Asn 

Ile 

Wall 

Tyr 
530 

Wall 

Wall 

Telu 

Glin 

Glu 
610 

195 

Ser 

Ala 

Telu 

Ala 

Ala 
275 

Arg 

Phe 

Telu 

Ile 

Telu 
355 

Tyr 

Gly 

Ala 

Telu 
435 

Ser 

Gly 

Telu 

Lys 

Glu 
515 

Telu 

Thr 

Telu 

Ala 
595 

Telu 

Wall 

Ile 

Lys 

Trp 
260 

Pro 

Pro 

Gly 

Telu 

Ser 
340 

Met 

His 

Wall 

Ser 

Phe 
420 

Glin 

Wall 

Ala 

Lys 

Wall 
5 OO 

Gly 

His 

Telu 

Asp 

Telu 

Ser 

Asp 

Gly 

Tyr 

Glu 
245 

Arg 

Gly 

Ser 

Ser 
325 

Asn 

Phe 

Tyr 

Ile 

Thr 
405 

Met 

Ile 

Teu 

Wall 

Asp 
485 

Teu 

Ile 

Thr 

Ile 

Ala 
565 

Pro 

Wall 

Pro 

Phe 

Gly 
230 

Glu 

Lys 

Lys 

Pro 

Ser 
310 

Phe 

Pro 

Teu 

Ile 

Tyr 
390 

Wall 

Asp 

Ile 

Ala 

Ala 
470 

Ser 

Lys 

Thr 

Thr 
550 

Glu 

Teu 

Ser 

Glin 

61 

Teu 
215 

Tyr 

Glin 

Asn 

Arg 
295 

Phe 

Ile 

Met 

Cys 

Phe 
375 

Arg 

Gly 

Teu 

Teu 

Gly 
455 

Wall 

Teu 

Glin 

Thr 
535 

Teu 

Lys 

Asn 

Teu 

Ser 
615 

200 

Ser 

Glu 

Ala 
280 

Lys 

Telu 

Asn 

Ala 

Ser 
360 

Wall 

Lys 

Glu 

Ala 

Ala 
4 40 

Wall 

Lys 

Ile 

Tyr 

Gly 

Thr 

Trp 

Ala 

Met 

Lys 
600 

Wall 

His 

Ser 

Lys 
265 

Ser 

Pro 

Ile 

Pro 

Pro 
345 

Met 

Thr 

Ala 

Ile 

Pro 
425 

Ile 

Ala 

Met 

Lys 

Ala 
505 

Glu 

Phe 

Wall 

Phe 

Telu 
585 

Arg 

Glu 

Telu 

Pro 

Glin 
250 

Glin 

Gly 

Ser 

Ser 

Glin 
330 

Ser 

Met 

Gly 

Telu 

Wall 
410 

Phe 

Tyr 

Phe 

Arg 

Telu 
490 

Trp 

Telu 

Thr 

Tyr 

Wall 
570 

Pro 

Ile 

Arg 

Phe 

Teu 
235 

Met 

Thr 

Glu 

Phe 

Ala 
315 

Teu 

Trp 

Glin 

Wall 

Wall 
395 

Asn 

Teu 

Phe 

Met 

Ala 
475 

Met 

Glu 

Glin 

Trp 

Wall 
555 

Ser 

Glin 

Glin 
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Phe 
220 

Glu 

Wall 

Ala 

Asp 

Teu 

Cys 

Teu 

Trp 

Ser 

Lys 

Ile 

Teu 

Asn 

Teu 

Wall 
460 

Phe 

Ser 

Pro 

Teu 

Met 
540 

Wall 

Teu 

Glin 

Thr 
62O 

2O5 

Trp 

Glu 

Wall 

Glu 
285 

Lys 

Phe 

Ser 

Gly 

Teu 
365 

Phe 

Thr 

Met 

Teu 

Trp 
4 45 

Teu 

Glin 

Glu 

Ser 

Teu 
525 

Cys 

Wall 

Ser 

Ile 

Phe 
605 

Ile 

Trp 

Glin 

His 
27 O 

Wall 

Ala 

Ile 

Phe 
35 O 

Ile 

Arg 

Asn 

Ser 

Telu 
43 O 

Glin 

Telu 

Wall 

Ile 

Phe 
51O. 

Arg 

Ser 

Asp 

Telu 

Ser 
59 O 

Telu 

Ser 

Phe 

Asp 

Glin 
255 

Lel 

Lel 

Lel 

Lel 

335 

Lel 

Lel 

Thr 

Ser 

Wall 
415 

Trp 

Asn 

Ile 

Telu 
495 

Telu 

Thr 

Pro 

Pro 

Phe 
575 

Asn 

Ser 

Pro 

Thr 

Telu 
240 

Telu 

Ala 

Telu 

Telu 

Ile 
320 

Ile 

Wall 

Glin 

Gly 

Wall 
400 

Asp 

Ser 

Telu 

Pro 

Glin 
480 

Asn 

Ala 

Phe 

Asn 
560 

Asn 

Telu 

Glin 

Gly 
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Tyr 
625 

Pro 

Wall 

Ala 

Gly 

Teu 
705 

Glin 

Pro 

Gly 

Ala 

Wall 
785 

Ala 

Glin 

Gly 

Teu 

Trp 
865 

Asp 

Asp 

Ser 

Glin 
945 

Asp 

Teu 

Ser 

Ser 

Ala 

Pro 

Ala 

Telu 

Ser 
69 O. 

Glin 

Glin 

Gly 

Gly 

Asp 
770 

Ala 

Gly 

Thr 

Pro 

Cys 
85 O 

Thr 

Thr 

Wall 

Gly 

Glu 
930 

Glu 

Ala 

Telu 
1010 

Ile 

Thr 

Wall 

Telu 
675 

Wall 

Glu 

Thr 

Gly 

Glin 
755 

Ile 

Lys 

Asp 

Tyr 
835 

Asn 

Ala 

Telu 

Wall 

Glu 
915 

Glu 

Ala 

Wall 

Trp 
995 

Arg 

Leu Wal Met 
1025 

Thr 

Telu 

Wall 
660 

Gly 

Ala 

Asn 

Telu 

Asp 
740 

Phe 

His 

Thr 

Phe 
820 

Pro 

Tyr 

Telu 

Ser 

Glin 
9 OO 

Gly 

Wall 

Lys 

Lys 

Gly 

Thr 

Telu 

Telu 

Ile 

His 
645 

Gly 

Glu 

Tyr 

Wall 

Glu 
725 

Glin 

Glin 

Teu 

Ile 

Arg 
805 

Ile 

Ala 

Ala 

Glu 

Asn 
885 

Lys 

Glin 

Glin 

Ala 

Ala 
965 

Glin 

Asn 

Gly 

Ala 

His 
630 

Ser 

Pro 

Met 

Wall 

Teu 
710 

Ala 

Thr 

Arg 

Teu 

Phe 
790 

Wall 

Ile 

Teu 

Pro 

Gly 
870 

His 

Glin 

Gly 

Wall 

Ala 
950 

Wall 

Ser 

Asp 

Wall 

63 

Ser 

Teu 

Wall 

Glu 

Pro 
695 

Phe 

Cys 

Glu 

Wall 

Asp 
775 

Teu 

Wall 

Teu 

Asp 
855 

Ala 

Thr 

Phe 

Thr 
935 

Ile 

Gly 

Ala 

Ala 

Gly 

Asp 

Gly 

Lys 
680 

Glin 

Gly 

Ala 

Ile 

Ser 
760 

Asp 

His 

Wall 

Telu 

Glin 
840 

Glu 

Glu 

Met 

Pro 
920 

Glu 

Gly 

Telu 

Ala 

Met 
10 OO 

Thr 

Ile 

Cys 
665 

Telu 

Glin 

Lys 

Telu 

Gly 
745 

Telu 

Pro 

Wall 

Thr 

Ala 
825 

Arg 

Asp 

Asp 

Telu 

Arg 
905 

Wall 

Ala 

Thr 

Cys 

Ala 
985 

Ala 

Tyr Ala Ala 
1015 

Ala Met Ala Met 
1030 

Phe 

Glin 
650 

Gly 

Glu 

Ala 

Ala 

Telu 
730 

Glu 

Ala 

Telu 

Ile 

His 
810 

Asp 

Asn 

Glin 

Lys 

Thr 
890 

Glin 

Pro 

Lys 

Wall 

Thr 
970 

Ile 

Asp 

Telu 

Ala 

US 7,312,026 B2 

Thr 
635 

Wall 

Lys 

Gly 

Trp 

Teu 
715 

Ala 

Arg 

Ser 

Asp 

Teu 

Arg 

Ala 

Glu 
955 

Thr 

Gly 

Ser 

-continued 

Trp 

Pro 

Ser 

Lys 

Ile 
7 OO 

Asn 

Asp 

Gly 

Ala 

Ala 

Pro 

Ile 

Glin 

Ser 

His 
860 

Ala 

Asn 

Ser 

Arg 

Asp 
940 

Teu 

Teu 

Ala 

Arg 

Ala 

Lys 

Ser 

Wall 
685 

Glin 

Pro 

Teu 

Ile 

Wall 
765 

Wall 

Glu 

Ser 

Wall 

Phe 
845 

Teu 

Teu 

Asp 

Ala 

His 
925 

Gly 

Ser 

Ala 

Asn 

Glin 
1005 

Glin 

Gly 

Telu 
67 O 

His 

Asn 

Glu 

Asn 
750 

Asp 

Gly 

Phe 

Ser 

Ala 

Glu 

Telu 

Pro 

Telu 
910 

Telu 

Ala 

Wall 

Ile 

Wall 
99 O 

Asn 

Gly Ile Leu Glin 
1020 

Ala Gly Gly Ile 
1035 

Asp 

Ala 
655 

Wall 

Met 

Arg 

Met 
735 

Telu 

Ser 

Ser 

Wall 

Telu 
815 

Glu 

Asn 

Asp 

Ile 

Wall 
895 

Ser 

Gly 

Telu 

Phe 

Cys 
975 

Trp 

Asn 

Gly 

Glin 

Telu 
640 

Telu 

Ser 

Thr 

Tyr 
720 

Telu 

Ser 

Asp 

His 

Telu 

Pro 

Met 

Phe 

Ser 

Glu 

Thr 

Ser 

Pro 

Thr 

Trp 
96.O 

Telu 

Telu 

Thr 

Phe 

Ala 
1040 

64 
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Ala Arg Val Lieu. His Glin Ala Lieu Lieu. His Asn Lys Ile Arg Ser Pro 
1045 105 O 1055 

Gln Ser Phe Phe Asp Thr Thr Pro Ser Gly Arg Ile Leu Asn Cys Phe 
1060 1065 1 OFO 

Ser Lys Asp Ile Tyr Val Val Asp Glu Val Lieu Ala Pro Wal Ile Lieu 
1075 1080 1085 

Met Leu Lleu. Asn. Ser Phe Phe Asn Ala Ile Ser Thr Leu Wal Wall Ile 
1090 1095 1100 

Met Ala Ser Thr Pro Leu Phe Thr Wal Wall Ile Leu Pro Leu Ala Wall 
1105 1110 1115 1120 

Leu Tyr Thr Leu Val Glin Arg Phe Tyr Ala Ala Thr Ser Arg Glin Leu 
1125 1130 1135 

Lys Arg Leu Glu Ser Val Ser Arg Ser Pro Ile Tyr Ser His Phe Ser 
1140 1145 1150 

Glu Thr Val Thr Gly Ala Ser Val Ile Arg Ala Tyr Asn Arg Ser Arg 
1155 1160 1165 

Asp Phe Glu Ile Ile Ser Asp Thr Lys Val Asp Ala Asn Glin Arg Ser 
1170 1175 118O 

Cys Tyr Pro Tyr Ile Ile Ser Asn Arg Trp Leu Ser Ile Gly Val Glu 
1185 11.90 11.95 1200 

Phe Val Gly Asn Cys Val Val Leu Phe Ala Ala Leu Phe Ala Val Ile 
1205 1210 1215 

Gly Arg Ser Ser Lieu. Asn Pro Gly Lieu Val Gly Lieu Ser Val Ser Tyr 
1220 1225 1230 

Ser Leu Glin Val Thr Phe Ala Leu Asn Trp Met Ile Arg Met Met Ser 
1235 1240 1245 

Asp Leu Glu Ser Asn. Ile Val Ala Val Glu Arg Val Lys Glu Tyr Ser 
1250 1255 1260 

Lys Thr Glu Thr Glu Ala Pro Trp Val Val Glu Gly Ser Arg Pro Pro 
1265 1270 1275 1280 

Glu Gly Trp Pro Pro Arg Gly Glu Val Glu Phe Arg Asn Tyr Ser Val 
1285 1290 1295 

Arg Tyr Arg Pro Gly Lieu. Asp Leu Val Lieu Arg Asp Leu Ser Lieu. His 
1300 1305 1310 

Val His Gly Gly Glu Lys Val Gly Ile Val Gly Arg Thr Gly Ala Gly 
1315 1320 1325 

Lys Ser Ser Met Thr Lieu. Cys Lieu Phe Arg Ile Leu Glu Ala Ala Lys 
1330 1335 1340 

Gly Glu Ile Arg Ile Asp Gly Lieu. Asn. Wall Ala Asp Ile Gly Lieu. His 
1345 1350 1355 1360 

Asp Leu Arg Ser Glin Lieu. Thir Ile Ile Pro Glin Asp Pro Ile Leu Phe 
1365 1370 1375 

Ser Gly. Thr Leu Arg Met Asn Leu Asp Pro Phe Gly Ser Tyr Ser Glu 
1380 1385 1390 

Glu Asp Ile Trp Trp Ala Leu Glu Leu Ser His Leu. His Thr Phe Val 
1395 14 OO 1405 

Ser Ser Glin Pro Ala Gly Lieu. Asp Phe Glin Cys Ser Glu Gly Gly Glu 
1410 1415 1420 

Asn Lieu Ser Val Gly Glin Arg Glin Lieu Val Cys Lieu Ala Arg Ala Lieu 
1425 1430 1435 1440 

Leu Arg Lys Ser Arg Ile Leu Val Lieu. Asp Glu Ala Thr Ala Ala Ile 
1445 1450 1455 

Asp Leu Glu Thir Asp Asn Lieu. Ile Glin Ala Thr Ile Arg Thr Glin Phe 
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gacctgctgc 

aaag.ccttgg 

gacCtgagcg 

cagatcctca 

caggcc atgc 

cgct cogtga 

ggCagc.ccgg 

ggcctggto 

aggagc acto 

tggccagoct 

tgggCC agaa 

to citggacga 

togggagctg 

tgg actgtgc 

cc.cagotgct 

<210 SEQ ID NO 8 
&2 11s LENGTH 1503 
&212> TYPE PRT 

71 

ggacgaggct 

gcc.cggc.ca.g 

acagotcc to 

ggctactgct 

gtttgcacag 

cc.gggttctg 

ggCCC agaag 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 8 

Met Ala Ala 
1 

Thr Glu Pro 

Arg Thr Ala 
35 

Pro Ile Tyr 
50 

Met Ser Pro 
65 

Val Lieu. Cys 

Gly Thr Pro 

Thir Thr Met 
115 

Gly Val Glin 
130 

Wall Leu Pro 
145 

Glin Ser Asp 

Wal Wall Ala 

Phe Pro Glu 
195 

Ala Phe Pro 
210 

Arg Gly Tyr 
225 

Arg Glu Asn 

Met Arg Asn 

275 

Leu Arg Glin 

Pro Ala Gl 
5 

Glu Pro Al 
2O 

u Pro Cys 

a Ala Thr 

Gly Val Trp Val Pro 
40 

Lieu Lleu Phe Ile His 
55 

Leu Phe Lys Ala Lys 
70 

Thir Ser Ser Wall Ala 
85 

Glu Ala Pro Glu Phe 
100 

Ser Phe All 

Ser Ser Gl 

Ala Thr As 
15 

a Wall Phe 
120 

y Val Lieu 
135 

in Ala Ala 
O 

Pro Val Arg His Leu 
1.65 

Glin Phe Wall Leu Ser 
18O 

Asp Pro Gl 

Ser Lys Al 

in Glin Ser 
200 

a Thr Phe 
215 

Arg Arg Pro Leu Arg 
23 

Ser Ser Gl 
245 

Arg Ser Al 
260 

O 

u Glu Lieu 

a Ala Arg 

Gly Gly Ser Gly Met 
280 

Glu Gly Ser Gln Trp 

atctggg cag 

citgcagtaca 

tgtctgg cac 

gcc.gtggacC 

tgcactgtgc 

gtoatggaca 

ggcctgttitt 

Ala Gly Glin 
10 

Ser Lieu. Lieu 
25 

Pro Met Tyr 

His His Gly 

Met Wall Leu 
75 

Wall Ala Leu 
90 

Lieu. Ile His 
105 

Lieu. Ile His 

Phe Gly Tyr 

Glin Glin Ala 
155 

Ser Thr Tyr 
170 

Cys Lieu Ala 
185 

Asn Pro Cys 

Trp Trp Val 

Pro Lys Asp 
235 

Val Ser Arg 
250 

Arg His Asn 
265 

Lys Ala Pro 

Arg Pro Leu 

US 7,312, 
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ccctdgagac 

agtgtgctda 

gtgcc.cttct 

CtggCacgga 

tg.cccattgc 

agggg Caggit 

acagacitggc 

Gly Val Trp 

Ser Lieu. Cys 
30 

Leu Trp Val 
45 

Arg Gly Tyr 
60 

Gly Phe Ala 

Trp Lys Ile 

Pro Thr Wall 
110 

Thr Glu Arg 
125 

Trp Leu Lieu 
1 4 0 

Ser Gly Ala 

Lieu. Cys Lieu 

Asp Glin Pro 
19 O 

Pro Glu Thr 
2O5 

Ser Gly Lieu 
220 

Leu Trp Ser 

Leu Glu Lys 

Lys Ala Ile 
27 O 

Glu Thr Glu 
285 

Leu Lys Ala 

026 B2 

ued 

ggtgcagctic 

CC gaggc gag 

cc.ggaag acc 

gctgcagatg 

ccaccgc.ctg 

ggcagaga.gc 

ccaggagtca 

Asn Glin 
15 

Phe Leu 

Leu Gly 

Leu Arg 

Lieu. Ile 
8O 

Glin Glin 
95 

Trp Lieu 

Gly Phe 
160 

Ser Lieu 
175 

Pro Phe 

Gly Ala 

Val Trp 

Leu Gly 
240 

Glu Trp 
255 

Ala Phe 

Pro Phe 

Ile Trp 

414 O 

4200 

4260 

4320 

4.380 

4 440 

4500 

4509 

72 



Glin 
305 

Ser 

Glu 

Ala 

Glin 

Ile 
385 

Arg 

Wall 

Pro 

Gly 

Teu 
465 

Met 

Asn 

Arg 

Gly 

Teu 
545 

Ala 

Teu 

Glin 

Glu 

Gly 
625 

Glu 

Teu 

Ile 

Thr 
705 

29 O 

Wall 

Asp 

Phe 

Wall 

Asn 
370 

Thr 

Glin 

Telu 

Pro 
450 

Asn 

Arg 

Ser 

Wall 

Telu 
530 

Wall 

Met 

Asn 

Ala 

Wall 
610 

Lys 

Ser 

Telu 

Ser 

Glu 
69 O. 

Ser 

Phe 

Wall 

Ile 

Telu 
355 

Met 

Gly 

Ala 

Arg 

Wall 
435 

Ser 

Phe 

Glin 

Telu 
515 

Telu 

Ala 

Asn 

Arg 
595 

Asp 

Asp 

Pro 

Telu 

Ala 
675 

Gly 

Wall 

His 

Phe 

Gly 
340 

Met 

Telu 

Ser 

Telu 
420 

Trp 

Ala 

Phe 

Thr 
5 OO 

Gly 

Phe 

Telu 

Ala 

Ala 
58O 

Wall 

Pro 

Pro 

Ala 
660 

Telu 

Ala 

Wall 

Ser 

Arg 
325 

Asp 

Phe 

Wall 

Ala 
405 

Thr 

Ile 

Teu 

Ile 

Asp 
485 

Ile 

Ile 

Ser 

Wall 

Glu 
565 

Glin 

Ser 

Gly 

Ile 

Cys 
645 

Wall 

Teu 

Wall 

Glu 

Thr 
310 

Phe 

Pro 

Teu 

Teu 

Tyr 
390 

Wall 

Glu 

Wall 

Thr 

Ser 
470 

Ser 

Lys 

Wall 

Wall 
550 

Lys 

Ala 

Phe 

Wall 

Thr 
630 

Teu 

Wall 

Gly 

Ala 

Asn 
710 

73 

295 

Phe 

Thr 

Lys 

Ser 

Lys 
375 

Arg 

Gly 

Ser 

Wall 

Ala 
455 

Lys 

Arg 

Phe 

Gly 

Ser 
535 

Phe 

Ala 

Phe 

Wall 
615 

Ile 

His 

Gly 

Glu 

Tyr 
695 

Wall 

Telu 

Wall 

Pro 

Ala 
360 

Wall 

Lys 

Wall 

Cys 
4 40 

Ile 

Lys 

Ala 

His 

Glin 

Telu 

Ala 

Phe 

Telu 

Arg 
600 

Asp 

His 

Pro 

Telu 
680 

Wall 

Cys 

Telu 

Pro 

Pro 
345 

Cys 

Pro 

Wall 

Wall 

Telu 
425 

Phe 

Ala 

Arg 

Gly 
505 

Glu 

Wall 

Wall 

Wall 

Pro 
585 

Telu 

Ser 

Ser 

Ile 

Wall 
665 

Ser 

Pro 

Phe 

Gly 

Lys 
330 

Ala 

Telu 

Glin 

Telu 

Wall 
410 

Tyr 

Wall 

Wall 

Asn 

Telu 
490 

Trp 

Telu 

Ser 

His 

Thr 
570 

Phe 

Wall 

Ser 

Ala 

Asn 
650 

Gly 

Lys 

Glin 

Gly 

Thr 
315 

Teu 

Trp 

Glin 

Met 

Ala 
395 

Asn 

Teu 

Phe 

His 
475 

Thr 

Glu 

Gly 

Phe 

Thr 
555 

Teu 

Ser 

Thr 

Ser 

Thr 
635 

Teu 

Ala 

Wall 

Glu 

Glin 
715 
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Teu 

Teu 

Thr 

Arg 

Teu 

Teu 

Asn 

Teu 

Teu 
460 

His 

Ser 

Gly 

Ala 

Glin 
540 

Teu 

Thr 

Ile 

Phe 

Ser 

Phe 

Thr 

Gly 

Glu 

Ala 
7 OO 

Glu 

Ser 

Ser 

Gly 

Teu 
365 

Teu 

Ser 

Wall 

Gly 

Trp 
4 45 

Ser 

Glin 

Ser 

Ala 

Teu 
525 

Wall 

Wall 

Wall 

His 

Teu 
605 

Gly 

Ala 

Wall 

Lys 

Gly 
685 

Trp 

Teu 

Telu 

Telu 

Tyr 
35 O 

Phe 

Arg 

Ser 

Ser 

Telu 
43 O 

Glin 

Telu 

Glu 

Ile 

Phe 
51O. 

Arg 

Ser 

Ala 

Telu 

Ser 
59 O 

Ser 

Trp 

Pro 

Ser 
67 O 

Phe 

Wall 

Asp 

Ile 

Phe 
335 

Telu 

Glu 

Ser 

Gly 

Wall 
415 

Trp 

Telu 

Telu 

Glu 

Telu 
495 

Telu 

Thr 

Thr 

Glu 

Asn 
575 

Telu 

Telu 

Ala 

Ser 

Glin 
655 

Ser 

Wall 

Glin 

Pro 

Ile 
320 

Telu 

Telu 

Glin 

Ala 

Ser 
400 

Asp 

Telu 

Telu 

Pro 

Glin 
480 

Arg 

Asp 

Ser 

Phe 

Asn 
560 

Ile 

Wall 

Glu 

Ala 

Glin 
640 

Gly 

Telu 

Ser 

Asn 

Pro 
720 
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Trp Leu Glu Arg Val Lieu Glu Ala Cys Ala Leu Glin Pro Asp 
725 730 

Ser Phe Pro Glu Gly Ile His Thr Ser Ile Gly Glu Gln Gly 
740 745 750 

Leu Ser Gly Gly Glin Lys Glin Arg Lieu Ser Lieu Ala Arg Ala 
755 760 765 

Arg Lys Ala Ala Val Tyr Lieu Lieu. Asp Asp Pro Leu Ala Ala 
770 775 78O 

Ala His Val Gly Gln His Val Phe Asin Glin Val Ile Gly Pro 
785 790 795 

Leu Leu Gln Gly Thr Thr Arg Ile Leu Val Thr His Ala Leu 
805 810 

Leu Pro Glin Ala Asp Trp Ile Ile Val Lieu Ala Asn Gly Ala 
820 825 83O 

Glu Met Gly Ser Tyr Glin Glu Lieu Lieu Glin Arg Lys Gly Ala 
835 840 845 

Cys Lieu Lieu. Asp Glin Ala Arg Glin Pro Gly Asp Arg Gly Glu 
85 O 855 860 

Thr Glu Pro Gly Thr Ser Thr Lys Asp Pro Arg Gly Thr Ser 
865 870 875 

Arg Arg Pro Glu Lieu Arg Arg Glu Arg Ser Ile Lys Ser Val 
885 890 

Lys Asp Arg Thr Thr Ser Glu Ala Glin Thr Glu Val Pro Leu 
9 OO 905 910 

Pro Asp Arg Ala Gly Trp Pro Ala Gly Lys Asp Ser Ile Glin 
915 920 925 

Arg Val Lys Ala Thr Val His Leu Ala Tyr Lieu Arg Ala Val 
930 935 940 

Pro Lieu. Cys Lieu. Tyr Ala Leu Phe Leu Phe Lieu. Cys Glin Glin 
945 950 955 

Ser Phe Cys Arg Gly Tyr Trp Leu Ser Leu Trp Ala Asp Asp 
965 970 

Val Gly Gly Glin Glin Thr Glin Ala Ala Lieu Arg Gly Gly Ile 
98O 985 99 O 

Leu Lieu Gly Cys Lieu Glin Ala Ile Gly Lieu Phe Ala Ser Met 
995 10 OO 1005 

Val Lieu Lieu Gly Gly Ala Arg Ala Ser Arg Lieu Lleu Phe Glin 
1010 1015 1020 

Leu Trp Asp Val Val Arg Ser Pro Ile Ser Phe Phe Glu Arg 
1025 1030 1035 

Ile Gly His Lieu Lleu. Asn Arg Phe Ser Lys Glu Thir Asp Thr 
1045 105 O 

Wall 
735 

Met 

Wall 

Telu 

Gly 

His 
815 

Ile 

Telu 

Gly 

Ala 

Pro 
895 

Asp 

Gly 

Wall 

Pro 
975 

Phe 

Ala 

Arg 

Thr 

Wall 
1055 

Asp 

Asn 

Asp 

Gly 

Ile 

Ala 

Wall 

Glu 

Gly 

Glu 

Asp 

Gly 

Thr 

Ala 
96.O 

Ala 

Gly 

Ala 

Telu 

Pro 
1040 

Asp 

Val Asp Ile Pro Asp Lys Lieu Arg Ser Lieu Lleu Met Tyr Ala Phe Gly 
1060 1065 1 OFO 

Leu Leu Glu Wal Ser Leu Wal Wall Ala Wall Ala Thr Pro Leu 
1075 1080 1085 

Val Ala Ile Leu Pro Leu Phe Leu Leu Tyr Ala Gly Phe Glin 
1090 1095 1100 

Tyr Val Val Ser Ser Cys Glin Leu Arg Arg Lieu Glu Ser Ala 
1105 1110 1115 

Ser Ser Val Cys Ser His Met Ala Glu Thr Phe Glin Gly Ser 
1125 1130 

Ala 

Ser 

Ser 

Thr 
1135 

Thr 

Telu 

Tyr 
1120 

Wall 
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Val Arg Ala Phe Arg Thr Glin Ala Pro Phe Val Ala Glin Asn Asn Ala 
1140 1145 1150 

Arg Val Asp Glu Ser Glin Arg Ile Ser Phe Pro Arg Lieu Val Ala Asp 
1155 1160 1165 

Arg Trp Lieu Ala Ala Asn Val Glu Lieu Lieu Gly Asn Gly Lieu Val Phe 
1170 1175 118O 

Ala Ala Ala Thr Cys Ala Val Lieu Ser Lys Ala His Leu Ser Ala Gly 
1185 11.90 11.95 1200 

Leu Val Gly Phe Ser Val Ser Ala Ala Leu Glin Val Thr Glin Ala Leu 
1205 1210 1215 

Gln Trp Val Val Arg Asn Trp Thr Asp Leu Glu Asn Ser Ile Val Ser 
1220 1225 1230 

Val Glu Arg Met Gln Asp Tyr Ala Trp Thr Pro Lys Glu Ala Pro Trp 
1235 1240 1245 

Arg Leu Pro Thr Cys Ala Ala Glin Pro Pro Trp Pro Gln Gly Gly Glin 
1250 1255 1260 

Ile Glu Phe Arg Asp Phe Gly Lieu Arg Tyr Arg Pro Glu Lieu Pro Leu 
1265 1270 1275 1280 

Ala Val Glin Gly Val Ser Lieu Lys Ile His Ala Gly Glu Lys Val Gly 
1285 1290 1295 

Ile Val Gly Arg Thr Gly Ala Gly Lys Ser Ser Leu Ala Ser Gly Lieu 
1300 1305 1310 

Leu Arg Lieu Glin Glu Ala Ala Glu Gly Gly Ile Trp Ile Asp Gly Val 
1315 1320 1325 

Pro Ile Ala His Val Gly Leu. His Thr Leu Arg Ser Arg Ile Ser Ile 
1330 1335 1340 

Ile Pro Glin Asp Pro Ile Leu Phe Pro Gly Ser Leu Arg Met Asn Lieu 
1345 1350 1355 1360 

Asp Leu Lieu Glin Glu His Ser Asp Glu Ala Ile Trp Ala Ala Lieu Glu 
1365 1370 1375 

Thr Val Glin Leu Lys Ala Leu Val Ala Ser Lieu Pro Gly Glin Leu Glin 
1380 1385 1390 

Tyr Lys Cys Ala Asp Arg Gly Glu Asp Leu Ser Val Gly Glin Lys Glin 
1395 14 OO 1405 

Leu Lieu. Cys Lieu Ala Arg Ala Lieu Lieu Arg Lys Thr Glin Ile Lieu. Ile 
1410 1415 1420 

Leu Asp Glu Ala Thr Ala Ala Val Asp Pro Gly Thr Glu Lieu Gln Met 
1425 1430 1435 1440 

Glin Ala Met Leu Gly Ser Trp Phe Ala Glin Cys Thr Val Leu Leu Ile 
1445 1450 1455 

Ala His Arg Lieu Arg Ser Val Met Asp Cys Ala Arg Val Lieu Val Met 
1460 1465 14 FO 

Asp Lys Gly Glin Val Ala Glu Ser Gly Ser Pro Ala Glin Leu Lieu Ala 
1475 1480 1485 

Glin Lys Gly Lieu Phe Tyr Arg Lieu Ala Glin Glu Ser Gly Lieu Val 
1490 1495 15 OO 

<210 SEQ ID NO 9 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Sequence source :/note=" synthetic construct" 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (3) . . . (15) 
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OTHER INFORMATION: d = a g or t 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (18) . . . (18) 
OTHER INFORMATION: n = a, c, g or t 

SEQUENCE: 9 

ctdgtogcdg togtoggn 

<400 

SEQ ID NO 10 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Sequence source :/note=' synthetic construct" 

SEQUENCE: 10 

atggcc.gc.gc citctgagc 

<400 

SEQ ID NO 11 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Sequence source :/note=' synthetic construct" 

SEQUENCE: 11 

gtotacgaca ccaggg to aa 

<400 

SEQ ID NO 12 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Sequence source :/note=' synthetic construct" 

SEQUENCE: 12 

citgcctggaa gaagttgacc 

<400 

SEQ ID NO 13 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Sequence source :/note=' synthetic construct" 

SEQUENCE: 13 

citggaatgtc. cacgto: aacc 

<400 

SEQ ID NO 14 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Sequence source :/note=' synthetic construct" 

SEQUENCE: 14 

ggagacagac acggttgacg 

<400 

SEQ ID NO 15 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Sequence source :/note=' synthetic construct" 

SEQUENCE: 15 

18 

19 

20 

20 

20 

20 
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gcagaccagg cct gacitcc 

<210> SEQ ID NO 16 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Sequence source :/note=" synthetic construct" 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . . (22) 
<223> OTHER INFORMATION: r = a or g 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (4) . . . (19) 
<223> OTHER INFORMATION: n = a, c, g or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (6) . . . (6) 
<223> OTHER INFORMATION: v = a, c or g 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (11) . . . (11) 
<223> OTHER INFORMATION: s = c or g 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (12) . . . (12) 
&223> OTHER INFORMATION: W = a or it 

<400 SEQUENCE: 16 

rctnaving Cn swinarnggnt crtc 

<210 SEQ ID NO 17 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Sequence source :/note=" synthetic construct" 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (11) . . . (14) 
<223> OTHER INFORMATION: r = a or g 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (17) . . . (17) 
<223> OTHER INFORMATION: y = c or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (20 ) . . . (20) 
<223> OTHER INFORMATION: h = a, c or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (23) . . . (29) 
<223> OTHER INFORMATION: n = a, c, g or t 

<400 SEQUENCE: 17 

cgggat.ccag rgaraayath citntttggin 

<210> SEQ ID NO 18 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Sequence source :/note=" synthetic construct" 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (9) . . . (18) 
<223> OTHER INFORMATION: n = a, c, g or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (12) . . . (27) 
<223> OTHER INFORMATION: r = a or g 
&220s FEATURE 
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<221 NAME/KEY: misc feature 
<222> LOCATION: (15) . . . (15) 
&223> OTHER INFORMATION: h = 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (24) . . . (24) 
&223> OTHER INFORMATION d = 

<400 SEQUENCE: 18 

a 

a 

cggaatticnt crtchagnag rtadatrtc 

<400 SEQUENCE: 

Met Ala Lieu Arg 
1 

Asp 

Phe 

Ile 
65 

Teu 

Ser 

Teu 

Arg 

Ala 
145 

Teu 

Wall 

Asp 

Pro 

Thr 
225 

Teu 

Teu 

Wall 

Ser 

Pro 
305 

Trp 

Glin 

Phe 
50 

Glin 

Trp 

Gly 

Lys 
130 

Telu 

Lys 

Glu 
210 

Gly 

Trp 

Wall 

Lys 
29 O 

Glin 

Asn 

Asn 
35 

Pro 

Met 

Ile 

Gly 

Ile 
115 

Gly 

Wall 

Glu 

Phe 

Ser 
195 

Ser 

Telu 

Ser 

Wall 
275 

Wall 

Lys 

Wall 

Thr 

Phe 

Thr 

Wall 

Ile 
100 

Thr 

Wall 

Asp 

Ser 
18O 

Pro 

Ser 

Ile 

Telu 

Asn 
260 

Wall 

Asp 

Glu 

SEQ ID NO 19 
LENGTH 
TYPE 

ORGANISM: Homo Sapiens 

1531 

19 

Gly 
5 

Thr 

Wall 

Tyr 

Pro 

Cys 
85 

Phe 

Thr 

Glin 

Ala 

Ala 
1.65 

Teu 

Teu 

Ala 

Wall 

Asn 
245 

Trp 

Tyr 

Ala 

Trp 

Phe 

Trp 

Teu 

Phe 

Teu 
70 

Trp 

Teu 

Teu 

Ser 

Teu 
15 O 

Glin 

Teu 

Phe 

Ser 

Arg 
230 

Lys 

Lys 

Ser 

Asn 

Asn 
310 

Cys 

Asn 

Wall 

Teu 
55 

Asn 

Ala 

Ala 

Teu 

Ser 
135 

Ala 

Wall 

Teu 

Ser 

Phe 
215 

Gly 

Glu 

Ser 

Glu 
295 

Pro 

Ser 

Thr 

Trp 
40 

Tyr 

Lys 

Asp 

Pro 

Ala 
120 

Gly 

Ile 

Ile 

Glu 
200 

Telu 

Tyr 

Glu 

Lys 
280 

Glu 

Ser 

c or it 

g or t 

Ala 

Ser 
25 

Wall 

Telu 

Thr 

Telu 

Wall 
105 

Thr 

Ile 

Telu 

Telu 

Glin 
185 

Thr 

Ser 

Thr 

Cys 
265 

Asp 

Wall 

Telu 

Asp 
10 

Asn 

Pro 

Ser 

Lys 

Phe 
90 

Phe 

Phe 

Met 

Phe 
170 

Telu 

Ile 

Glin 

Ser 
250 

Ala 

Pro 

Glu 

Phe 

Gly 

Pro 

Arg 

Thr 
75 

Teu 

Teu 

Teu 

Ser 
155 

Arg 

Wall 

His 

Ile 

Pro 
235 

Glu 

Ala 

Ala 

Lys 
315 

US 7,312,026 B2 
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Ser 

Asp 

Phe 

His 
60 

Ala 

Ser 

Wall 

Ile 

Thr 
1 4 0 

Asp 

Teu 

Asp 

Thr 
220 

Teu 

Glin 

Thr 

Glin 

Teu 

Wall 

Asp 

Phe 

Tyr 
45 

Asp 

Teu 

Phe 

Ser 

Glin 
125 

Phe 

Ile 

Ile 

Ser 

Pro 

Phe 

Glu 

Wall 

Pro 
285 

Ile 

Teu 

Pro 

Thr 
30 

Telu 

Arg 

Gly 

Trp 

Pro 
110 

Telu 

Trp 

Met 

Thr 

Cys 
19 O 

Asn 

Trp 

Gly 

Wall 

Lys 
27 O 

Telu 
15 

Trp 

Gly 

Phe 

Glu 
95 

Thr 

Glu 

Telu 

Thr 

Phe 
175 

Phe 

Pro 

Trp 

Ser 

Pro 
255 

Glin 

Glu 

Trp 

Ala 

Tyr 

Telu 

Arg 

Telu 

Arg 

Wall 

Ala 
160 

Ser 

Ile 

Asp 
240 

Wall 

Pro 

Ser 

Ser 

Thr 
320 
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